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\£) . ABSTRACT 



l/~) Aims. In order to show the importance of high spatial resolution observations of extra-galactic sources when compared to observations obtained 
with larger apertures such as ISO, we present A'-band spectra (8-13 yum) of some locations in three starburst galaxies. In particular, the two 
galactic nuclei of the spiral galaxy NGC 3256, the compact IR supernebula in the dwarf galaxy II Zw 40 and the two brightest IR knots in the 
central starburst of the WR galaxy He 2-10. 
fH , Methods. The spectra have been obtained with TIMMI2 on the ESO 3.6 m telescope. An inventory of the spectra in terms of atomic fine- 
O l structure lines and molecular bands is presented. 

Results. We show the great value of these high spatial resolution data at constraining properties such as the extinction in the mid-IR, metallicity 
or stellar content (age, IMF, etc.). Regarding this, we have constrained the stellar content of the IR compact knot in II Zw 40 by using the mid-IR 
fine- structure lines and setting restrictions on the nebular geometry. 



o 

, Considering the PAH bands, we have constructed a new mid-/far-IR diagnostic diagram based on the 1 1.2 pm PAH and continuum, accessible 
• • • to ground-based observations. We find that extra-galactic nuclei and star clusters observed at high spatial resolution (as is the case of the 
. ' TIMMI2 observations) are closer in PAH/far-IR to compact H n regions, while galaxies observed by large apertures such as ISO are closer to 
, exposed PDRs such as Orion. This is certainly due to the aperture difference, where the much larger ISO aperture likely includes much of the 
» I ■ surrounding PDRs while the TIMMI2 slit measures mainly the central emission of the H n region. 

' Finally, we find a dependence between the presence or non-presence of PAHs and the hardness of the radiation field as measured by the 
[S iv]/[Ne n] ratio. In particular, sources with PAH emission have in general a [S iv]/[Ne n] ratio < 0.35. We investigate possible origins for this 
relation and conclude that it does not necessarily imply PAH destruction, but could also be explained by the PAH-dust competition for FUV 
photons. We have also considered the scenario where the low PAH emission could just be a consequence of the relative contribution of the 
different phases of the interstellar medium, in particular, the presence of a pervasive and highly ionised medium. 



Key words. ISM: lines and bands - ISM: dust, extinction - ISM: H n region - Galaxies: starburst - Galaxies: individual: NGC 3256, II Zw 40, 
He 2-10 - Infrared: galaxies 



1. Introduction 

Mid-infrared (MIR) observations have proved to be of great 
value at providing spectral diagnostics to quantify massive 
star formation and to distinguis h between stellar (starburst ) 
and other (AGN) activity (e.g. iGenzel & Cesarskvl 2000). 
However, most of these diagnostics are based on "integrated 
spectra" which have been obtained through large apertures 
e.g. with the Infrared Space Observatory, ISO, with an aper- 
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ture l a rger than 14" f o r ISO/SWS (cf. ISchaerer & Stasinska , 
19991 iThornlev et all 1200(1 iForster Schreiber et all 12001 : 
Rigbv & Rieke, 2004). Therefore, these measurements are 
likely to consist of contributions from numerous "knots", 
the diffuse ISM, etc. rendering their interpretation difficult. 
Furthermore, some diagnostics (e.g. relating PAH and contin- 
uum emission, high and low excitation fine-structure lines) may 
originate from different spatial regions and in consequence, it 
is by no means clear if, and to what extent, such spatially in- 
tegrated or "global" spectra can be used for various diagnostic 
purposes. 
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In this respect, it has already been demonstrated how the 
spatial scale of the observati ons greatly determine th e MIR 
appearance of galaxies (e .g. iMartm-Hernandez et all 120051 
ISiebenmorgen et afl.l2004l) . This is the case of, for instance, the 
starburst galaxy NGC 5253, where most of the high-excitation 
fine-structure line fluxes measured by within ISO aperture 
(e.g. [Siv]) are emitted by a single knot of ~ CC.'l, while 
other sources within the aperture mainly contribute to the low- 
excitation line fluxes. For instance, only ~ 20% of the [Nen] 
emission comes from the othe rwise dominant compact knot 
( Martin-Hernande z et all Eo05l) . This has important implica- 
tions in the interpretation of line fluxes in terms of properties 
of the stellar content such as age, IMF, etc. 

We have recently started gathering ground-based high 
spatial resolution MIR observations of several nearby star- 
bursts using TIMMI2 on the 3.6 m telescope, which pro- 
vides a slit wi dth of 1','2. Our pilot work on the well stud- 
ied NGC 5253 dMartfn-Hernandez et all 120051) demonstrated 
the great value of these type of data at constraining prop- 
erties such as the extinction in the MIR, metallicity or stel- 
lar content (age, IMF, etc.). Here we present observations of 
some locations in three young starburst galaxies. Two of these, 
the dwarf galaxy IIZw40 and the WR galaxy He 2-10 are, 
together with NGC 5253, well known young starburst galax- 
ies which possess embedded and compact knots likely rep- 
resenting the earliest evolutionary stages of super star clus- 
ters (SSCs) or pro to- globular c lusters (e.g. Turner et al., 1998; 
Kobulnickv & Johnson, 1999; Becketal., 2002; Vaccaetal., 
2002Ujohnson' & Kobulnickv, 2003). MIR images of these type 
of galaxies (e.g. iGoriian et all l200ll iBeck et all 1200 ill con- 
firm the cluster hypothesis and indicate that a large fraction 
(> 30 - 70%) of the total IR luminosity may originate from 
these compact knots. The third starburst galaxy we present here 
is NGC 3256, a spiral galaxy which is the brightest IR source 
in the nearby universe. MIR images dBoker et all 1 19971) reveal 
that NGC 3256 has two distinct nuclei aligned in the north- 
south direction and separated by 5". The southern nucleus has 
no optical counterpart. Hence, our observations include the two 
galactic nuclei of NGC 3256, the bright and compact infrared 
supernebula in IIZw40 and the two brightest infrared sources 
in the central starbu rst of He 2-10 (na med A and C following 
the nomenclature bv lBeck et alll20oil) . 

The core of this paper is structured as follows. Our obser- 
vations are described in Sect. |2] Immediate results from our 
TIMMI2 spectra are shown in Sect. |3] Here we present for 
each object a general description, a discussion of the content 
of its iV-band spectrum and constraints on the extinction and 
metallicity. Our main results are presented in Sect. 0] where 
we discuss the importance of high spatial resolution observa- 
tions, make a comparison between the general properties of 
these galaxies, examine the implications of the presence of 
PAH emission and constrain the stellar content of the IR su- 
pernebula in II Zw 40. The main conclusions of the paper are 
summarised in Sect.|3] 



2. Observations and data reduction 

Our new infrared data on NGC 3256, IIZw40 and He 2-10 
were obtained as part of a program to observe young starburst 
galaxies with the Thermal Infrared MultiMode Instrument 
(TIMMI2) on the ESO 3.6 m telescope (La Silla Observatory, 
Chile). 

The iV-band spectra of the nuclear regions of these three 
starburst galaxies were obtained on 2003 March 20-26. We 
used the 10 /.im low-resolution grism which ranges from 7.5 
to 13.9 fim and has a spectral resolving power A/AA ~ 160. 
The slit used was l'.'2x70", with a pixel scale of 0745. At the 
time of the observations, the slit could only be oriented in the 
north-south direction. It was positioned across the bright north- 
ern nucleus in the case of NGC 3256 (including as well the 
southern nucleus), across the bright infrared compact core in 
the case of II Zw 40 and across the two brightest MIR compo- 
nents in the case of He 2-10, A and C (we refer to Sects. l3~T~T1 
I3.2.1l and l3.3.1l for a detailed description of the objects). In or- 
der to correct for background emission from the sky, the ob- 
servations were performed using a standard chopping/nodding 
technique along the slit in the north-south direction (where 
the object is observed at two different positions on the slit) 
with an amplitude of 20" in the case of NGC 3256 and 10" in 
the cases of IIZw40 and He 2-10. Adopted calibration stars 
were HD 90957 for NGC 3256, HD 37160 for IIZw40 and 
HD 75691 and HD 73603 for He 2-10. They were observed 
right before and after the targets and served as both telluric and 
flux standard stars. They were used as well for Point Spread 
Function (PSF) determination. The synthetic calibrated spectra 
for these standard stars are given bv lCohen et all (1 19991) . 

The data processing included the removal of bad frames 
and the co-addition of all chopping and nodding pairs. This left 
us with one single image with one positive and two negative 
long-slit spectra. These were combined with a simple shift-and- 
add procedure which slightly increased the signal-to-noise. For 
every individual observation, the spectra of the target and stan- 
dard star were extract ed usin g the optimal extraction procedure 
developed by Home ( 1986), ideal for unresolved or compact 
sources. This procedure applies non-uniform pixel weights in 
the extraction sum in order to reduce the statistical noise in the 
extracted spectrum to a minimum while preserving its photo- 
metric accuracy. The calibration of the spectroscopic data in- 
cluded 1) the removal of the telluric features, which was done 
by dividing by the spectrum of the standard star; 2) the removal 
of the spectral features of the standard star; and 3) the absolute 
flux calibration. These last two steps were achieved by multi- 
plying by the synthetic spectrum of the standard star. We prop- 
agate the uncertainty for each pixel, dominated by variations of 
the sky transparency, along each step of the processing. 

Wavelength calibration is straight forward since a table 
with the pixel-to-wavelength correspondence is provided by the 
TIMMI2 webpage 1 . 

We obtained two spectra of NGC 3256, three of IIZw40, 
two of He 2-10 A and three of the weaker He 2-10 C. Each 
spectrum was obtained after a total exposure time (on source) 

1 www.ls.eso.org/lasilla/sciops/timmi 
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of ~ 32 min. The spectra of each source were combined to 
obtain one final spectrum. 

We compared the full-width-at-half-maximum (FWHM) 
measured along the spatial direction for each object with the 
MIR seeing (derived from the spatial FWHM of the calibration 
star) in order to account for possible slit losses. 

The FWHM along the spatial direction measured for the 
southern nucleus (S) of NGC 3256 is 170+072, which is of 
the order of the MIR seeing (FWHM-0795-171 1) and smaller 
than the slit width (172). Hence, slit losses towards NGC 3256 
S are negligible. However, the northern nucleus (NGC 3256 N) 
is slightly resolved with a FWHM along the spatial direction of 
1755+0705. Assuming that the source is Gaussian and that the 
slit is perfectly centred on the source peak, it implies that the 
slit might be registering about 68% of the total emission of the 
N nucleus. 

Regarding the three long-slit spectra obtained of IIZw40, 
the FWHM's measured along the spatial direction give values 
of 1767, 1703 and 1722, somewhat larger than the average MIR 
seeing at the time of the observation (1711, 0791 and 0796, 
respectively). IIZw40 is then marginally resolved but the slit 
is wide enough (172) to ensure that practically all the MIR flux 
emitted is registered. This is so since in the last two cases the 
FWHM is similar to or smaller than the width of the slit and 
the flux level of all three spectra agrees well within the errors. 

For He 2-10 A, the FWHM's of the two spectra which were 
obtained are 1783 and 1737, larger than the respective MIR 
seeings (0777 and 07 83) and the slit width. Assuming that the 
source is Gaussian and that the slit is perfectly centred on the 
source peak, it implies that the slit might be registering about 
60-75% of the total flux emitted by component A. In the case 
of He 2-10 C, the three individual observations obtained give 
FWHM's of 1722, 1713 and 1747, being the respective MIR 
seeings 170, 07 88 and 1719. This source is then only slightly 
resolved. As for IIZw40, we are confident that the slit is reg- 
istering most of the MIR flux emitted by component C in all 
three cases. 

The spectra were extracted through apertures of about 2 x 
FWHM centred on the peak positions. 

Line fluxes were measured by fitting a Gaussian and their 
quoted uncertainties (of the order of 5-20%) include the sta- 
tistical error associated to each point at a given wavelength. 
Upper limits are defined as the flux of a feature with a peak 
flux three times the continuum rms noise and a width equal to 
the instrumental resolution element. 

3. Results 

Here we present our high spatial resolution spectroscopy data 
using TIMMI2. First, a general description of every object is 
provided, followed by a description of the spectra in terms of 
general shape and line and molecular content. Our data is com- 
pared with observations reported in the literature. 

A variety of fine-structure lines and broad-band dust fea- 
tures fall within the A^-band spectroscopic range. The most rel- 
evant lines are [Arm] at 9.0 /mi, [S iv] at 10.5 /mi and [Ne n] at 
12.8 /mi. These lines require hard radiation with energies be- 
tween ~ 21 and 35 eV, and the most likely explanation for their 



excitation mechanism is photoionisation by hot stars. In terms 
of molecular features, the MIR spectra of many starbursts are 
dominated by the well known emission features at 8.6, 11.2 
and 12.7 /mi, commonly called the unidentified infrared (UIR) 
bands and now generally attributed to vibrational emission of 
Polycyclic Aromatic Hydrocarbons (PAHs) contai ning 50 
carbon atoms (e.g. lA llamandola et"all Il989t IPu get & Leg eJ. 
19891 IPeeters et all 12004a). A silicate band centred around 
9.7 /mi can also be present. 

3.1. NGC 3256 

3.1 .1 . General description 

The galaxy i s a peculiar spiral galaxy located at a distance 
of 37 Mpc (Lfpa ri etall UpOO). The angular scale at this 
distance is 1"= 179 pc. This galaxy consists of a main 
body of about 60", two extended tidal tails that can be 
traced as far as 8' and two faint external loops (iLipari e t al., 
2000). The central (~30") region shows a knotty structure 
with a very unusual triple asymmetrical spiral arm morphol- 
ogy. The double tidal tails are characteristic of an interac- 
tion between two spiral galaxies of co mparable mass (e.g. 

Ide Vaucouleurs & de Vaucouleurslfl96ll) . 

H igh spatial resolution n ear-IR (e.g. iMoorwood & Olivat 

ll994HKotilainen et allll996l). MIR jBoker et all 1 19971) and ra- 
dio observations ("e.g. lNorris & Forbeslll995UNeff et allE()03l) 
reveal two distinct nuclei aligned in the north-south direction 
and separated by 5". The southern nucleus has no optical coun- 
terpart due to the high extinction in this region. The presence 
of these two nuclei, which at radio wavelengths have approxi- 
mately similar size, brightness and spectral index, suggests that 
the merger is not yet completed. This is supported by the K' 
surface brightness profile over the central 15 kpc (~1 '4), which 
is clearly not that of a galaxy th at has already relaxed suffi - 
ciently to be classified as elliptical (Moorwood & Qlival ll994). 
The radio spectral indi ces obtained for both nuclei (~ -0.9; 
iNorris & ForbesL 1 19951) are quite steep and indicate that the 
radio emission is dominated by synchrotron radiation from 
cosmic-ray electrons accelerated by supernovae and that the 
contribution to the radio emission from Hn regions is negli- 
gible. 

The starburst nature of the northern nucleus of NGC 3256 
is indicated by different authors : 1) The 10 /mi emission ex- 
tends over a region ~ 4 kpc (~22") acro ss with most of it orig - 
in ating outside the central kp c (~576) JGraham et all Il984l) . 
21 iGlass & MoorwooJ ( 1 19851) show that the JHKL colours of 
the galaxy are indicative of a young starburst. 3) NGC 3256 is 
located in the same region as starburst galaxies in IR diagnos- 
tic diagrams which use PAH emission features as a diagnostic 
tool for the ultimate physical processes powering Galactic nu- 
clei (AGN versus starburst), indicating that at MIR wavelengths 
starbur st activity is the dominant energy source JPeeters et all 
l2004bl) . 4) NGC 3256 also presents a prominent 3.3 /mi PAH 
feature jMoorwoodl Il986l) with an equivalent width t ypical 
of starburst galaxies. 51 Rowan-Robinson & Crawford! (U989) 
modelled the IRAS 12, 25, 60 and 100 /mi fluxes and obtained 
that the contribution of a hidden AGN is < 5%. 6) The spe- 
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Fig. 1. Spatial variation of the [Nen] line peak across the slit 
from north (left) to south (right). Error bars indicate lcr errors. 
A plateau which extends over ~ 8"is indicated by a solid line 
in light colour. At the distance of NGC3256, 1" corresponds 
to ~ 179 pc. The peak positions of the northern and southern 
nuclei are identified by the labels N and S respectively. 



cific search for the [Si vi] 1 .96 fjm coronal line emission from a 
poss ibly obscured AGN proved negative jMoorwood & Olival 
Il994l) . 7) The central 3" of the nuclear region show strong re- 
combination lines of hydrogen and heliu m and a prominent CO 
band absorption at 2.3 yum jDovon et all 1 19941) . These features 
provide further evidence for starburst activity since it implies 
the existence of a large number of OB stars and a young popu- 
lation of red supergiants. 8) The SWS spectrum of NGC 3256 
shows no signatures of high- excitation fines com mon in galax- 
ies powered by AGNs (Rigorjoulou et al., 1996). This is con- 
firmed by the high spatial resolution spectrum of the northern 
nucleus obtained by Siebenmorgen et a fl (12004 . The nature of 
the southern nucleus remains, however, unclear. 

High spatial resolution (076) Chandra observations 
jLira et all 120021) find several (14) discrete sources embed- 
ded in a complex diffuse emission which contribute ~ 20% of 
the total X-ray emission in the 0.5-10 keV energy range. Two 
of these discrete sources are coincident with the two nuclei, 
with the northern nucleus corresponding to the brightest X-ray 
source. These authors find no evidence for the presence of an 
AGN in the southern nucleus. However, based on t he ratio of 
6 cm r adio emission to 2-10 keV X-ray emission. iNeff et all 
il2003l) suggest the possibility that both nuclei might harbour 
low-luminosity AGNs generated in or fuelled by the galaxy 
merger. Nevertheless , based on HST ST TS long-slit spectra of 
the northern nucleus, Lfpari et al. (2004) suggest that the shape 
of the rotation curve and the emission-line profile can be ex- 
plained by the presence of young star clusters with outflow in 
the core, and that most probably the associated compact X-ray 
emission and radio emission are the result of a few recent su- 
pernovae remnants. 
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Fig. 2. (a) A^-band spectrum of the northern nucleus of 
NGC 3256 with lcr errors. The spectrum is characterised by a 
strong dust continuum, the 8.6, 11.2 and possibly the 12.7 fim 
PAH emission bands and the atomic fine-structure line of 
[Nen] at 12.8 /urn. The dashed lines represent different local 
spline continua. The triangles indicate the TIMMI2 photo metry 
in the 8.6 and 10.4 fjm filters obtained bv lSiebenmorgen et alJ 
fe004 . The FWHM's of these TIMMI2 filters are shown by 
horizontal bars, (b) A^-band spectrum of the southern nucleus 
of NGC 3256 with lcr errors. The spectrum shows emission be- 
low ~ 8.8 fim, a rising dust continuum after ~ 11 /mi, the 1 1.2 
fim PAH emission band and the fine-structure line of [Ne 11] at 
12.8 fim. For comparison, we show in light colour the spectrum 
of the northern nucleus scaled down by a factor of 12. 



3.1 .2. N-band spectra 

The spectral observations towards the nuclear region of 
NGC 3256 registered both the northern (N) and southern (S) 
nuclei previously imaged at MIR wavelengths bv iBoker et all 
dl997h . 

Fig- E shows the variation of the [Nen] 12.8 fim line 
peak flux across the slit from north to south. The northern nu- 
cleus has a peak flux of ( 1 .29 + 0.03) x 1 0~ 1 8 W cnr 2 //m" 1 . The 
southern nucleus is much weaker, with a peak flux of (0.39 + 
0.03) x 10~ 18 Wcm^yUirT 1 . Faint [Nen] emission was also de- 
tected extending about 4" around the peak of NGC 3256 N. 
This faint emission appears as an emission plateau with an av- 
erage flux level of (9.3 + 1 .0)x 10~ 20 W cirT 2 yUirT 1 . This plateau 
coincides with a small spiral disc, at face-on position, which 
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is a continuation of one of the sp iral arms of the ga laxy and 
reaches the very northern nucleus dUparietall EoOO). 

4 [_ 1 i i i i i i 1 _ 




Wavelength (/im) 

Fig. 3. Continuum subtracted spectrum of NGC 3256 N. The 
result of using the two extreme possibilities for the continuum 
plotted in Fig. [2] is shown by the dark and light lines. Note 
that the difference in both continua is the removal or not of the 
underlying PAH plateau and wing of the 7.7 fim complex (see 

Fig.i). 
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Fig. 4. Comparison between the TY-band spectrum of 
NGC 3256 N (black line) and the ISO/SWS spectrum of 
the Galactic Hn region IRAS 23133+6050 convolved to the 
resolution (A/AA ~ 160) of TIMMI2 (light colour). The flux 
level of IRAS 23133+6050 have been scaled down by a factor 
of 48. The wavelength array of NGC 3256 N has been shifted 
by -0.065 /mi in order to match the peak positions of the PAHs 
and [Nen] line in the spectrum of IRAS 23133+6050. 

The fact that NGC 3256 N is slightly resolved (see Sect.|2} 
allows for a comparison of the spatial variation of the [Ne n] 
line peak and other features such as the 11.2 fim PAH peak 
emission and the continuum at 12 fim. No differences are evi- 
dent, indicating that either the PDR and dust shell form a thin 
layer around the N nucleus or we are simply not resolving the 
emission. 



Fig.|2]a shows the spectrum of NGC 3256 N. Only the valid 
range between 8 and 13 fim is plotted. The spectrum is char- 
acterised by a continuum due to warm dust, the 8.6, 11.2 and 
possibly also the 12.7 fim PAH emission ba nds, and the atomic 
fine-s tructure line of [Nen] at 12.8 um. ISiebenmorgen et alJ 
(120041) have previously imaged the N nucleus at 8.6 and 
10.4 fim and obtained a TIMMI2 spectrum of this nucleus with 
a 3" slit. Their narrow-band filter photometry agrees well with 
the flux level of our spectrum (cf. Fig.Ela ). A compari s on be- 
tween the spectrum obtained by Siebenmorgen et al. (2004) 
and ours in terms of line and PAH band fluxes is done in 
Sects l3~T31 and l3~L4l 

Emission towards the southern nucleus was only detected 
shortwards of ~ 8.8 fim and beyond 11 fim. The spectrum of 
NGC 3256 S is shown in Fig. 03. Like NGC3256 N, the spec- 
trum shows the 11.2 fim PAH emission band, possibly also the 
8.6 and 12.7 PAH bands, and the atomic fine-structure line of 
[Nen] at 12.8 fim. A comparison with the spectrum of the N 
nucleus is also shown. Both spectra are similar, although with 
noticeable differences in the emission shortwards of ~ 8.8 fim 
and beyond ~ 12 fim. 

iGraham etaD dl984 measured a 1 fim flux of (5 . 1 + 0.4) x 
10~ 18 W cirT 2 fimT 1 in a 15" aperture, about 8 times larger than 
the flux we obtain at this wavelength towards the N nucleus, in- 
dicating that diffuse MIR emission exists around the two nuclei 
(cf. Sect. En) . 

3.1 .3. Line fluxes 

Line fluxes towards NGC 3256 N and S are listed in Table 
Only the line of [Nen] at 12.8 fim was detected. Upper lim- 
its to the fluxes of the [Arm] 9.0 and [Siv] 10.5 fim lines 
are also given. Considering the slit losses that might be af- 
fecting the [Nen] line flux emitted by NGC 3256 N (about 
32%, see Sect. 13.1.21 . the total [Nen] line flux would be ~ 
31 x 10" 20 Wcnr 2 . 

Table [0 compares the fluxes observed towards the N and 
S nuclei with those observed by the large ISO/SWS beam and 
other apertures/slits. The ISO/SWS aperture is approximately 
14"x20" up to 12 fim and 14"x27" between 12 and 19.6 fim. 
The [Arm] line flux measured by ISO is approximately 4 times 
larger than our upper limit, while the ISO [S iv] flux is too small 
to be detected by TIMMI2. Finally, the ISO [Nen] line flux is 
about 3 times larger than the combined flux emitted by the N 
and S nuclei. This indicates that other objects besides the two 
nuclei must contribute strongly to the [Ar m] and [Ne n] line 
fluxes measured by ISO. 

Siebenmorgen et aP J2004h only present the spectrum of 
the northern nucleus and do not comment on the detection 
of the southern one, probably due to the use of a wider slit 
(3"). Their published spectrum most likely includes the con- 
tributions of both nuclei. They estimate a [Nen] line flux of 
(28.5 ± 1.0) x 10~ 20 W cirT 2 , in good agreement with the 
value we obtain when the fluxes of both nuclei are added to- 
gether and slit losses are consi dered. Integrated over an aper- 
ture of 4'.'2. lRoche et alJ J 1 99 lit measured a [Nen] line flux of 
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38 X 1(T 20 W cm" 2 , only slightly higher than the TIMMI2 line 
flux. 

3.1.4. PAH bands 

Both nuclei exhibit PAH emission features (see Fig. [2}. The 
northern nucleus clearly shows the 8.6 and 11.2 fim PAH 
bands, possibly the 12.7 fim PAH band, the red wing of the 
7.7 fim PAH complex and that of the broad emission plateau 
underlying both the 7.7 fim complex and the 8.6 fim band, 
clearly seen shortwards of ~9 fim (see Fig. |4] for a com- 
parison with the ISO/SWS spectrum of the G alactic Hn re- 
gion IR AS 23133+6050 and e.g. the review bv IPeeters et all 
l2004al) . The southern nucleus shows the 11.2 fim band and pos- 
sibly also the 8.6 and 12.7 fim PAH bands. 

Table 1. Line fluxes and 3<x upper limits measured towards the 
two nuclei in NGC 3256. Also included are line fluxes mea- 
sured within other aperture/slits. 



Line 


,1 


North South 


Aperture 


Ref. 




Qxm) 


(10- 20 Wcnr 2 ) 


(") 




[Arm] 


9.0 


< 1.2 < 1.2 


1.2 
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[Siv] 


10.5 


< 1.1 < 1.1 


1.2 
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[Nen] 


12.8 


21 ±1* 3.3 ±0.6 


1.2 


1 


[Siv] 


10.5 


< 1.6° 


3 


2 


[Nen] 


12.8 


28.5 ± 1.0° 


3 


2 


[Nen] 


12.8 


38° 


4.2 


3 


[ Ar m] 


9.0 


4.7 ± 0.4 A 


14x20 


4 


[Siv] 


10.5 


0.9 + O.F 


14x20 


4 


[Nen] 


12.8 


89 ± 14 A 


14x27 


4 



* When correcting for slit losses, we obtain a total line flux of about 
31 x 10- 20 Wcnr 2 (cf. Sect. l3~L2l . 
" This observation is probably centred on the N nucleus. 
a The ISO/SWS aperture includes both N and S nuclei and any 
other possible mid-IR emitters. Errors are calculated from th e typi- 
cal ISO/SWS lcr absolute flux accur acy IPeeters et alll2002rj). 
REFERENCES: ( 1) T his work; (2) ISiebenmorgen et alJ fcool : (3) 
iRoche et alJJl99lh : (4) IVerma et ail 120031) . 

The PAH fluxes are determined by subtracting a local spline 
continuum (e.g. Fig.|2J and are given in Table|3] The presence 
of the 12.7 fim band is highly dependent on the choice of the 
continuum which, in turn, is influenced by the flux level at the 
longest wavelengths (around 13 fim). Therefore, its detection is 
merely tentative and thus we simply give an upper limit. 

The 1 1.2 PAH flux we obtain towards the N nucleus agrees 
well with those obtained through slightly larger apertures (3"- 
4", see Tabled- However, when compared with the 1 1.2 PAH 
flux measured by the large ISOPHOT aperture, the combined 
flux of both the N and S nuclei accounts only for 30% of the 
total. This is roughly the same contribution of the [Ne n] flux 
emitted by both nuclei to the total ISO/SWS [Ne n] flux. This 
suggests that this non-nuclear emission comes from H n regions 
and their associated PDRs. 



Table 2. Continuum subtracted 8.6, 11.2 and 12.7 fim PAH 
band fluxes (in units of 10~ 20 W cirT 2 ) measured towards the 
northern and southern nuclei. These are compared with other 
observations at different apertures. 



PAH band 


North 


South 


Aperture 


Ref. 




do- 20 


W cm" 2 ) 


(") 




8.6 


18 ± 4 




1.2 


1 


11.2 


25+4 


5 + 2 


1.2 


1 


12.7 


< 13 


< 7 


1.2 


1 


11.2 


30 




3 


2 


11.2 


32* 




4.2 


3 


11.2 


107 s 


24 


2 



* Although it is not indicated by the authors, we assume that these 
observations are centred on the N nucleus. 

" The ISOPHOT aperture includes both N and S nuclei and any other 

possible mid-IR emitters. 

REFERENCES: ( 1) This work; (T) ISiebenmorgen et all J2OO4I : (3) 
lRocheetaljjl99ll) . 



The comparison of the PAH emission bands in both nu- 
clei (see Fig. |2j reveals large differences in both the relative 
strength of the 1 1 .2/12.7 PAH band ratio (assuming for the mo- 
ment a positive detection of the 12.7 fim band in both nuclei) 
and the plateau/11.2 ratio. In both cases, the southern nucleus 
has a stronger 12.7 PAH band and a stronger plateau both rel- 
ative to the 11.2 fim PAH band compared to that of the north- 
ern nucleus. Possible origins for this are the following, (i) A 
different PAH charge balance in both nuclei. Indeed, a larger 
fraction of ionic PA Hs give rise to strong er emission in the 
5-10 fim region (e.s. IPeeters et all l2002al) and hence might 
explain the difference in plateau/11.2 ratio. For the 12.7 fim 
PAH, it is unclear at th is moment wh ether it is due to neutral 
or cationic PAHs faonv et all boOll) . (ii) The 12 .7/1 1.2 ratio 
is a t racer of the PAH molecular edge structure JHonv et all 
l200ll) . In this case, the S n ucleus should have more irregu- 
lar PAHs faonvet allEool likely due to a stronger radiation 
field and lower density. Molecular edge structure has little in- 
fluence on the CC stretching and CH in-plane-bending modes 
emitting in the 6-9 fim region, (iii) The underlying plateau is 
believe d to arise from larger PAH -related molecules or com- 
plexes jAllamandola et alJ 1 1989b indicating that both nuclei 
might have a different PAH size distribution. As with the other 
two possibilities, it cannot explain at once the relative intensi- 
ties of all PAH ratios. 

3.1 .5. Extinction 

The extinction suffered by the line emission from NGC 3256 N 
has been estimated by Dovonetal. (1994) using two differ- 
ent methods: 1) the ratio of Pa/3 to Bry, which gives an ab- 
solute extinction at 2.2 fim of Ak = 0.55 + 0.09 mag; and 
2) the ratio of [Fe 11] 1 .257 to [Fe n] 1 . 644 urn, which implies 
A K = 0.7 + 0.3 mag. lKotilainen et all i 19961) proposed a third 
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method, which assumes the correlation betw een 6 cm rad io and 
[Fe n] luminosities established bv lForbes& War5lll993l) . They 
obtain an extinction of A K = 0.51 for the N nucleus and of 
Ak = 1.1 for the S nucleus. For the N nucleus, the average of 
the three methods gives Ak = 0.6. These values of the extinc- 
tion in the near-IR, i.e. Ar(N)= 0.6 and Ak(S)= 1.1, translates 
intoAy ~ 5.6and 1 0.2 mag for the N and S nuclei, respectively, 
assuming Ry = 3.1 dMathisL ll990). Based on the H-K colours, 
iLipari et alJ ( 120001) find A V (N)~ 5.5 and A V (S)~ 16 mag. 

The extrapolation of these values of the extinction in the 
optical and near-IR to the MIR regime is not direct unless 
the exact shape and depth of the silicate absorption feature 
at 9.7 /zm is k nown. This could be done by fitting the dust 
continuum (cf. IMartm-Hernandez et all 120 05). However, the 
presence of the strong PAH bands hampers this task consider- 
ably. By simply assuming that the extinction law in the MIR 
can be d escribed by the commonly used "a stronomical sili- 
cate" (cf. iDraine & LeeL 1 19841 iDrainel Il985l). w e obtain that 
A12.8 = 0.33A sil ( Martin-Hernan dez et all 120031) . where A x2 .% 
is the extinction at the [Ne 11] line central wavelength and A s ;i is 
the extinction at the peak of the silicate absorption. As suming a 
ratio A v /A s ;i ~ 18.5, found bv lRoche & Aitkenl \ 1984b for the 
local diffuse interstellar medium, we obtain A s n(N)~ 0.4 and 
A s ji(S)~ 0.6 mag when the values above mentioned for the V- 
extinction towards the N and S nuclei (5.6 and 10.2) are used. 
Hence, we obtain Ai2.s(N)~ 0.1 and Ai2.s(S)~ 0.2 mag. These 
values are to be considered as only rough estimates of the ex- 
tinction affecting the [Ne 11] line. When applying these extinc- 
tion values to the [Ne 11] line fluxes measured for both nuclei, 
we obtain ~ 23 x 10~ 20 and ~ 4 x 10~ 2l) W crrT 2 , respectively. 
These fluxes are still within the 2<x error bars of the observed 
fluxes. Even in the case of a larger extinction towards the S nu- 
cleus (16 mag, see above), the [Ne n] extinction corrected flux 
will be ~ 4.3 x 10~ 20 , only 30% larger than the observed flux. 

3.1.6. Ionic abundances 

Ionic abundances can be determined from the measured 
strengths of the fine-structure and H 1 recombination lines. The 
ionic abundance of a certain ion X +1 with respect to hydro- 
gen (X +1 /H + ) can be det ermined using the following expression 
(e.g. lRubin etailll988l) : 

X +1 _ F x +-/F hi 
H + " e x+ ,/e m ' 

where F x+ i and Fm are the extinction-corrected fluxes of any 
line produced by X +l and H 1, and e x +< and em are their respec- 
tive emission coefficients. This expression assumes that 1) the 
nebula is homogeneous with constant electron temperature and 
density; 2) all the line photons emitted in the nebula escape 
without absorption and therefore without causing further up- 
ward transitions; and 3) the volume occupied by X +1 and H + 
is the same. The fine-structure line emission coefficients de- 
pend on the electron tempera ture (T P ), density (n R ) and relevant 
atomic parameters (cf. Mart in-Hernandez et alll2002l) . The Hi 
emission coefficie nts can be deriv ed by using the program in- 
trat bv lStorev & Hummerl Jl995i) . 



In the case of NGC 3256, we can determine the 
abundance of Ne + with r espect to H + . Adopting T e - 
6000 K jAguero & LipariL Il99lt IStorchi-Bergmann et all 
1 19951: Lfpari et all l2000l) and n e = 10 3 cm' 3 jLfpari et ail 
2000) for both the N and S nuclei, we obtain er Nf-m 1? s = 9.95 x 
10~ 22 and e B r 7 = 5.98 x 10~ 27 erg crrT 3 s _1 . Kotil ainen et alJ 
( 1996) measured the Bry flux within 3" apertures centred on 
both nuclei. They obtain de-reddened fluxes of 0.52 x 10 -20 and 
0.14 x 10~ 20 W cm~ 2 respectively for the N and S nuclei. W e 
note that the Bry line fluxes measured bv lDovon et alJ {T994), 
integrated over a s quare aperture of 3?5x3" 5, are roughly twice 
those obtained by Kotilainen et al. ( 1996). However, we con- 
sider here the fluxes by Kotilain en et alJ since their Bry flux 
towards the N nucleus pred icts well the extinction corrected 
HyS flux measured bv LrparietaTlll2000l) . We will consider a 
standard 20% uncertainty for these line fluxes. 

Using the [Ne 11] line fluxes listed in Table ^ we obtain 
Ne + /H + (N)> [2.4(2.6)±0.5]xl0- 4 andNe + /H + (S)> [1.4(1.7)+ 
0.5] x 10~ 4 , where the values in brackets are obtained by using 
the extinction-corrected [Ne n] line fl uxes given in Sect. 13.1.51 
The use of the Bry flux measured bv lDovon et alJ {l994) will 
give Ne + abundances twice as large. There also exists the fact 
that the [Nen] and Bry lines are not measured on the same 
aperture. In principle, one could be over/underestimating the 
Bry flux associated to the MIR sources. This uncertainty is, 
however, difficult to quantify. 

Formally, the above computed Ne + abundances are 
lower limits to the Ne abundance: Ne/H(N)> [2.0(2.2) + 
0.4] x [Ne/H] and Ne/H(S)> [1.2(1 .7) + 0.4]x[N e/H1 n . These 
limits agree with previous optical determina t ions JLipari et all 
l200Ct lAguero & LipariL 1 199 it iMoran etail \l99% which, us- 
ing different calibrations, find oxygen abundances of 1.3 so- 
lar o r even 2.6-3 times solar (a ssuming 12 + log(0/H)Q = 
8.69. lAllende Prieto et allfeoOll) . However, several uncertain- 
ties affect the oxygen abundances derived from emission lines 
using t he "strong line method" especia lly at high metallic - 
ity (e.g. IPilvuginL l200ll IStasiriskaL 120051) . Furthermore, if the 
latest upward revision of the solar Ne abunda nce by ~0.4- 
0.5 dex su ggested from helioseismology ( Antia & Basu, 2005; 
Bah call et all 120051) and from solar type stars (Drake & Testa, 
2005) s confirmed, our Ne abundance estimate could well be 
compatible with solar or even slightly sub-solar. 

3.2. IIZw40 

3.2.1. General description 

IIZw40 is at a distance of 9.2 Mpc JVacca & Contii 1 1992b . 
This distance accounts for Galactic rotation but no Virgocentric 
flow, and assumes Hq = 75 km s~' Mpc -1 . At this distance, 1" 
corresponds to 44.6 pc. 

This compact galaxy consists of a bright core only 3"x5" 
in size with tw o faint and diffuse tails extending about 30" to 
the south-east (Sargent & Searleill970l) . lBaldwin et alJ Jl982l) 
carried out an emission-line optical study of the morphology 
and kinematics of II Zw 40. They considered that the two tails 
are reminiscent of interacting galaxies and suggested a possi- 
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ble collision between two small systems as the source of the 
present starburst. 

IIZw40 is one of the prototype of the class of dwarf 
galaxies known as "de tached extra-galactic Hn regions" 
( Sarg ent & Seariel Il97(l These systems are c haracterised by 
emission-line spectra (e.g. lWalsh & Rovlll993l) similar to those 
of individual giant H n regions superimposed on a continuum 
which appears to be mainly due to O stars. The presence of 
about 200 WR stars is inferred from the flux of the He n 4684 A 
line (cf. lVacca & ContiLll992l) . 




B 9 10 11 12 13 

Wavelength (/im) 



Fig. 5. A^-band spectrum of the infrared supernebula in II Zw 40 
with lcr errors. The spectrum is characterised by a rather flat 
continuum and a strong [S iv] 10.5 um line. For co mpariso n, we 
plot th e 10.1 fim flux measured bv lWvnn-Williams & Becklin 
( 1986) in a I'll ape rture (star), the 10.4 yum flux measured by 
Riek e & Low! ( 1 19721) in a 6" aper ture (triangle), and the IRAS 
12 /mi flux (upside down triangle; Vad er et al! ll993). All these 
are broad band (filter FWHM ~ 5 //m) phot ometric fluxes. Th e 
narrow band filter 11.7 /im flux measured bv lBeck et al 
with a FWHM of ~ 1 fim, is indicated by a square. 



Table 3. Line fluxes and 3<x upper limits measured towards 
IIZw40. These are compared with measurements made with 
ISO/SWS. 



Wvnn- Williams & Becklinl 1 19861 ISramek & Weed 


man[ Il986: 


Klein et all Il99ll iDeeg et all 1 19931 iBeck et all 


20021). The 



spectral index of the overall radio emission has been discussed 
at length. It seems that the total cm-wave emission of II Zw 40 
is mostly thermal, with at most 30% of t he total radio emission 
attributed to non-thermal processes (e.g. lSramek & Weedmarl 
1986t l.Tov & Lesterlfl988l) . Within the central 6", the observed 
spectral index equals or exceeds the value for optically thin 
free-free emission (a > -0.1, with S v oc y"), indicating no ev- 
idence for non-thermal emission from supernovae events and 
remnants. Further evidence of this lack of supernovae comes 
from the faintne ss of the [Fen] line emission at 1.644 //m 
(e.g. IVanzi et all Il996h . which is more likely to be produced 
in shocks than in photoionised gas. High-spatial resolution (~ 
0".' 1 ) imaging at 2 cm reve als a complex of smaller nebulae 
within the bright radio core jBeck et all l2002). 

II Z w 40 was first detected at 10 /urn bv iRieke & Low 
1 1972b. Later observations by IWvnn- Williams & Bec klin 
( 1986) reveal that most of the 10 yum emission arises from a 
region less than 4" in diameter, more compact than the near-IR 
and optical emission. Recently, Keck MIR imaging has shown 
a bright source with a diameter (FWH M) of about 075 c oinci- 
dent with the radio compact emission (Bec k et alll2002i) . 

3.2.2. N-band spectrum 

Fig. |3 shows the spectrum of the infrared nebula in IIZw40. 
Only the valid range between 8 and 13 //m is plotted. The spec- 
trum of IIZw40 is characterised by a rather flat continuum and 
a strong [S iv] line at 10.4 //m. 

II Zw 40 has been previously observed at MIR wavelengths 
usin g a wide range of apertures: a t 10.1 jum in a 7/7 aperture 
( Wvnn- Williams & Becklin, 1986); at 10.4 fim in a 6" aper- 
ture; at 11.7 fim, w ith a spatial resolu tion of 073-075; and at 
12 fim with IRAS dVader et all Il993t) . These various photo- 
metric fluxes are indicated in Fig.[5]and show a perfect agree- 
ment with the spectrum we have obtained, even in the case of 
the IRAS 12 fim flux measured with a beam that includes the 
entirely galaxy. This suggests that the MIR flux of the galaxy 
is confined to the compact (075) infrared source we have ob- 
served with TIMMI2. 



Line 


A 


Line Flux 


Aperture 


Ref. 




(fim) 


(10- 20 Wcnr 2 ) 


(") 




[ Ar m] 


9.0 


< 2.6 


1.2 


1 


[Siv] 


10.5 


15.5+0.8 


1.2 


1 


[Nen] 


12.8 


< 2.2 


1.2 


1 


[ Ar m] 


9.0 


2.0 ±0.2 


14x20 


2 


[Siv] 


10.5 


20 + 2 


14x20 


2 


[Nen] 


12.8 


1.7 ±0.3 


14x27 


2 



REFERECES: (1) This work; (2) IVerma et ai]fe003l) . 

The radio continuum emission of IIZw40 is relatively 
compact and coincides with the optical bright core (e.g. 



3.2.3. Line fluxes 

Towards II Zw 40, only the [S iv] line is detected. Its line flux 
and the upper limits of the non-detected lines are measured as 
described above (cf. Sect. 13.1 .31 and listed in Table|3 

Table[3]compares the fluxes observed by TIMMI2 towards 
the infrared nebula in II Zw 40 with those observed by the large 
ISO/SWS aperture. The upper limits to the [Arm] and [Nen] 
line fluxes are consistent with the ISO values. Regarding [S iv], 
the ISO flux is only 1.3 times larger than the TIMMI2 value. 
Hence, it seems valid to consider (as it has been stated in the 
previous section) that practically all of the mid-infrared line 
emission emitted by the galaxy comes from this compact neb- 
ula. 
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3.2.4. Extinction 

The analysis of the extinction towards IIZw40 is com- 
plicated by the low galactic latitude of the galaxy, which 
implies some foreground extinction. Values of the extinc- 
tion based on a foreground screen model and derived 
from the Hff/H/3, Ha/Bry or H/3/Bry li ne ratios are in 
the r a nge Ay = 2.1 - 3.0 mag (e. g . ISargent & Searlel 
1970t IWvnn-Williams & Becklinj fl986| IVanzi et all Il99€t 
Jov & Lester! ll988UDavies et allll998l) . lwalsh & Rovl il993l) 
present a map of the total (Galactic + extra-galactic) Ay de- 
rived from the Ha/H/3 ratio. The map contains values of Ay 
as large as 4.5 mag, found preferentially in the northern half 
of the bright optical core of II Zw 40 with a general decrease 
to the south-east. However, non optical studies obtain much 
larger visual extinctions. Near-IR observations of II Zw 40 give 
Bry fluxes of (3.40 - 4.5 5) x 10~ 21 W cm~ 2 measured in aper- 
tures betwe e n 3"and 9"(IJov & LesteJ. I l988t iHo et all Tl 990: 
IVanzi et all 1 19961 iDaviesetall I199& ICoziol et all 1200 ill . 
Using this range in the observed Bry flux. iBecketall 1*2002 ) 
estimated an extinction of Ay ~ 8-10 based on their 2 cm 
free-free flux from a region ~ 3". A simil ar value for the vi- 
sual extinction (Ay ~ 10 mag) is found bv lVerma et all §003) 
based on ISO H i recombination lines. Other authors also argue 
(though from modelling of the SEP ) for a very high extinc- 
tion (A v ~ 20 - 30) for this object faunt et all l2005h . Such 
a high extinction should lead to a significant silicate absorp- 
tion band, which is not seen in the TIMMI2 spectrum (Fig. [5}- 
Hence, unless the dust is very deficien t in silicate, we do not 
favor such a high Av. lJaffe et a Li i!978b propose a mixture of 
foreground and internal extinction and reproduce the B aimer 
decrement with foreground and internal extinctions of 0.8 and 
8 mag respectively. 

The extrapolation of the extinction in the optical and near- 
IR to the MIR regime is not direct. We can, however, esti- 
mate upper limits to the extinction that affects the MIR lines 
obse rved in IIZw40 by ad opting Ay = 10 mag (A K 
1.1. iRieke & LebofskvH l985) and the method described in 
Sect. 13. 1.31 i.e. using an extinction law defined by the "astro- 
nomical silicate" with Ay/A s ji = 18.5. We obtain Ag.o = 0.86 x 
A si i = 0.46, A 10.5 = 0.80xA si i = 0.43,Ai 2 . 8 = 0.33xA sil = 0.18, 
A15.5 = 0.27xA sil = 0.15, Ai8. 7 = 0.36xA sil = 0.19 and 
A25.9 = 0.19 x A s ji = 0.10 mag, where these are, respectively, 
the extinction at the central wavelengths of the [Ar m] 9.0, [S iv] 
10.5, rN eiil 12.8, [Neml 15.5, fSml 18 .7 and [Oiv] 25.9 //m 
lines (cf. Martin-Hernan dez et a 1..2003). The extinction affect- 
ing the [Am] 7.0 yum is obtained by simply extrapolating the 
value in the /T-band considering a power law A,\ oc A -1 ' 7 . We 
obtain A7.0 = 0.14 x A K = 0.15 mag. 

These values of the extinction have to be considered 
as simply rough estimates and will be later considered in 
Sect. 14.41 where the stellar content of II Zw 40 will be dis- 
cussed. Moreover, we might be overestimating the extinction 
for the lines around 10 and 18 fan since, as we mention above, 
the TIMMI2 spectrum does not show evidence for silicate ab- 
sorption. 



3.2.5. Ionic abundances 

Following Sect. 13.1.61 we can determ i ne the ionic abundance 
of S 3+ with respect to H + . iBeck et all J2002T) predict an unex- 
tincted Bry flux of 1 .2 X 10~ 20 W cirT 2 based on radio contin- 
uum observations (see previous section). We will use this value 
hereafter and consider a standard 20% uncertainty. 

Adopting T e = 12500 K dVacca & Conti 1 19921 
IWalsh & Rovl 1 19931 IPerez-Montero & Dfazl 12*001 and 
« e = 1700 cm' 3 (see TablegJ, we obtain e [S iv] 10.5 = 5.07X10" 20 
and e Bry = 2.66 x 10~ 27 erg cm" 3 s" 1 . The resulting S 3+ /H + 
is [6.8(10.0) + 2.0] x 10~ 7 , where the value in brackets 
corresponds to the abundance obtained by using the extinction 
corrected [S iv] line flux (cf. Sect. 13.2.41 . 

Measurements of the ox ygen abundance towards 
IIZw40 (e f IVaccafeContil M992t IPagel et all Il992: 
Walsh &Rov, 1993; Masegos a et all 1 19941 Iduseva et al. . 
2000; Perez-Mont ero & Dfazt |2Q03) give an average value 
O/H- 1/3[O/H] . The value we obtain for S 3+ /H + is only 
about 20% of the sulphur abundance expected for a nebula 
with a metallicity 1/3 of the solar metallicity. Most of the 
sulphur must be either in the form of S ++ or S 4+ . 

Since it has been proven that practically all of the in- 
frare d emission of II Zw40 comes from this compact core 
(e.g. lBeck et allE002h . we can estimate the amount of sulphur 
locked in the form of S ++ by using the [S in] 18.7 um line flux 
meas ured by ISO (5.1 + 1.0 x 10~ 20 W cnr 2 ; cf . IVerma et all 
2003). Adopting the above values for the electron temperature 
and density, we obtain esmi8.7 - 1-28 x 10~ 20 erg cm~ 3 s _1 . 
The resulting S ++ /H + is [8.8(10.5) + 3.0] x 10~ 7 , where, again, 
the value in brackets is obtained by adopting the extinction es- 
timated in the previous section. Hence, S ++ and S 3+ account 
for less than 40% of the expected sulphur abundance. The rest 
must be in the form of S 4+ , which needs energies around 47 eV 
in order to be produced. Unfortunately, lines of S 4+ are not 
present in the infrared to prove this result but the line of [O iv] 
at 25.9/vm has been observed by ISO (and the ionisation edge 
for the creation of this ion is 54.9 eV, even higher). 

Larger values of the density will give larger S ++ /H + and 
S 3+ /H + abundances because collisional de-excitation begins to 
play an important role. However, densities much larger than 
10 4 cm -3 (we note that the critical densities of the [Sm] 
18.7 and [Siv ] 10.5 jum lines are, respective ly, 10 4 and 3.7 x 
10 4 cm 4 ; see Martin-Hernand ez et allEo02l) are necessary in 
order to produce an important increase in these abundances. 
Such high densities a re not probable in H n regions, even in ul- 
tracom pact ones (e.g. lWood & Churchwelll fl989HKurtz et all 
1994). 

3.3. Henize 2-10 

3.3.1. General description 

The radial velocity of He 2-10 (~ 860 - 870 km s" 1 ) yields a 
distance anywhere from 6 to 14 Mpc depending on the cho- 
sen value of Hq and assumption s on the Virgocentric flow. 
As done by other authors (e.g. IVacca & ContiL [l992), we 
adopt a reasonable compromise of 9 Mpc, which accounts 
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for Galactic rotation but no Virgocentric flow, and assumes 
Ho = 75 km s _1 Mpc~'. At this distance, 1" corresponds to 
43.6 pc. 

He 2-10 was th e first emission-lin e galaxy to exhibit evi- 
dence for WR stars llAllen et all 1 19761) and it is considered the 
prototype for WR galaxies JContiLll99ll ). High-resolution ob- 
servations in the optical and near-IR (see Caba nac et all 12005) 
show a bright central nucleus, generally refered to as region A, 
resolved into sever al UV-bright super sta r clusters which lie in 
an arc of about 2" (Con ti & Vaccalll994l) . This central nucleus 
is surrounded by two presumably older star-forming regions, 
named B and C. Region B, to the east, shows a mixed popu- 
lation of blue and red clusters (only detected at wavelenghts 
longer than 2.2 um). Region C, on the northwest side, has a 
long tail containing bright red clusters as well. 

V LA radio continuum imaging JKobulnickv & Johnson! 

1 19991 I.Tohnson & Kobulnickvl |2003) reveals 5 compact ~ 
1 mJy radio sources in the central region aligned in a east-west 
orientation. These radio sources are labeled 1 to 5 from west to 
east. While the global radio spectral index is highly nonthermal 
(a ^ -0.5, with S v °c v°) and consistent with synchrotron ra- 
diation produced in supernova explosions, these compact radio 
sources have positive (a > 0) spectral indices suggesting an 
optically thick thermal bremsstrahlung origin, consistent with 
unusually dense H n regions. 

The presence and importance of dust in the central region 
was con firmed by high spatial resolution mid-infrared (M IR) 
image s "Sauvage et all 1 19971 iBecketall 12001 1 IVaccaetal. 
2002). The spatial distribution of the IR emission (which 
extends less than 5") agrees strikingly with that of the ra- 
dio continuu m. In fact, th e subarsecond resolution observa- 
tions bv lVacca et all J2002I) using the Gemini North Telescope 
were able to detect 4 of th e 5 radio knots observed by 
iKobulnickv & Johnson! Jl999l) . These MIR nebulae provide at 
least 80% of the total flux seen by IR AS at 12 urn w ith a beam 
that included the entirely galaxy jBeck et alll200ll) . 

Recent high resolution observatio ns in Ks (2.2 um ), L' (3.8 
yum) and M' (4.8 um) bands by Caban ac et alJ 112005) have pro- 
vided a detailed explanation of the multiwavelength appear- 
ance of He 2-10 from the optical to the radio. Contrary to what 
it was thought previously, these authors show that practically 
all the radio knots can be associated with Ks- and //-emitting 
regions which implies a revision of their physical nature. These 
authors tentatively review the classification of the radio knots 
and only classify knots 1 +2 and 5 as bona fide ultradense H n 
regions. They have counterparts in the NIR but not in the vis- 
ible which implies a significant optical depth (typically > 10) 
and thus a young age although possibly not as young as pre- 
vioulsy postulated. Regarding knots 3 and 4, they propose that 
they are supernova remnants mixed with normal H n regions. 

3.3.2. N-band spectrum 

Our MIR observations were centred on the positions of the 
MIR counterparts to the radio knots 4 and 1 +2, named A and C 
respectively following the nomenclature bv lBeck et alJ J200ll) 
(see Sect. 13.3. H . These MIR regions A and C should not be 



mistaken with the equally named optical components (see pre- 
vious section). Fig. [6] shows the spectra of He 2-10 A and C. 
They show PAH emission bands at 8.6 and 11.2 /mi and the 
line of [Nen] at 12.8 um, while the presence of silicate in ab- 
sorption is not clear. The presence of this feature in absorption 
is how ever more evident in the MIR spectrum of lPhillips et alJ 
( 1984) obtained within a beam of 5'.'9. 

High spatial observ ations of He 2-10 ha ve been done at 
10.1 and 11.65 u m bv ISauvage et all i 19971). at 1 1.7 u m by 
iBeck et alJ feOOll) and at 10.8 um bv lVacca et all (120021) . The 
photometric fluxes these authors have obtained are indicated in 
Fig. [6] While there is a h uge discrepancy betw een our spectra 
and the fluxes obtained by Sauvage et al. ( 1997) and Beck et al. 
(2001), they agree rather well with those of Vacc a et alJ J2002 ). 
Possible discrepancies between thes e photome tric measure- 
ments are largely discussed bv lVacca et alJ '2002I) . They could 
be due to differences in the A^-band filter transmission profiles 
and central wavelengths, the use of a wrong colour term in the 
photometric calibration, non-photometric conditions during the 
observations or to a wrong background correction beneath the 
knots. 

In the case of He 2-10 A, we have compared the spatial dis- 
tribution of the [Ne n] and 11.2 um peaks with that of the con- 
tinuum at 12 um. No differences are evident, consistent with 
the fact that the emission is only slightly resolved. 

3.3.3. Line fluxes 

We detect the [Ne n] line towards He 2-10 A and C. [Ne n] line 
fluxes and upper limits of the non-detected lines are measured 
as described in Sect. 13. 1.3*1 and listed in Table"?] 

Table 4. Line fluxes and 3<x upper limits measured towards 
He 2-10. These are compared with fluxes measured using other 
apertures/slits. 



Line 


A 


He 2-10 A He 2-10 C 


Aperture 


Ref. 




(/an) 


(10- 20 Wcnr 2 ) 


(") 




[Arm] 


9.0 


< 1.8 < 1.6 


1.2 


1 


[Siv] 


10.5 


< 1.1 < 1.3 


1.2 


1 


[Nen] 


12.8 


12+1* 6.8 ±0.5 


1.2 


1 


[Nen] 


12.8 


19.5 ±3.5 


5.9 


2 


[Nen] 


12.8 


20 


5.9 


3 


[Arm] 


9.0 


1.6 ±0.5 


2.0 EW 


4 


[Siv] 


10.5 


0.5 ± 0.3 


1.6 EW 


4 


[Nen] 


12.8 


20 ±2 


2.0 NS 


4 


[Nen] 


12.8 


25 ± 5 


1.6 EW 


4 



* When correcting for slit losses, we obtain a total line flux of about 

(16 - 20) x 10~ 20 W cm' 2 (cf. Sect. l3~3~3l 

REFERENCES: ( 1) This work ; (2) IPhillips et alJ |l984); (3) 
IRoche et alJ <199ll) : (4) lBeck et alJ < 19971) . 



Regarding He 2-10, sp ectra of its nuclear region have 
been previously obtained by Philli ps et al 1 dl984 . lRoche et all 
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Fig. 6. A^-band spectra of MIR components A (left) and C (right) in He 2-10 with lcr errors. The spectrum of A is roughly 
twice as bright as that of C. Both spectra are very similar and are characterised by a rising dust continuum, weak PAH emission 
bands at 8.6 and 1 1.2 fim and a strong [Nen] 12.8 /mi line. For comparison, we plot the 10.1 and 1 1.65 //m fluxes measured by 
ISauvage et alj fl997) for both components A and C (upside down triangle and square, respectively). The first one is a broad band 
measurement with a FWHM ~ 5 /mi, while the sec ond one is a narrow band observation with a FWHM of ~ 1 .7 /im. The narrow 
band (FWHM ~ 1 um) 11.7 am flux measured by B eck et alJ ([2001) is plotted by a star. In the l eft pa nel, it coincides with the 
value quoted bv lSauvaee et alJ Jl997l) . The broad band 10.8 /im fluxes measured bv lVacca et all J2002I) for radio knots 1 +2 (C) 
and 4 (A) are plotted as a triangle. The dashed line represents the local spline continuum. 




Table 5. Continuum subtracted 8.6 and 11.2 //m PAH band 
fluxes (in units of 10~ 20 W cur 2 ) measured towards He 2-10 
A and C. 



Component 


8.6 /im 


1 1.2 yum 


Aperture (") 


Ref. 


A 


<5 A 


9±5 


1.2 


1 


C 


<7 a 


6±5 


1.2 


1 


? 




12±2» 


5.9 


2 



A Given as an upper limit due to the large error bars (see Fig.|6j. ^ The 
central position of this observation is uncertain. It is likely centred on 

component A. 

Riff Rf \( [ S; (1) This work; (2) |Phillips etai]<1984l) . 



well with the [Nen] fluxes obtained bv lBeck et alJ towards A 
and our value when corrected for slit losses. 

3.3.4. PAH bands 

PAH emission bands at 8.6 and 11.2 /mi, although very weak, 
have been detected in the spectra of He 2-10 A and C. The 
PAH fluxes are determined by subtracting a local spline con- 
tinuum (Fig.|6j and are listed in Table [5] The continuum sub- 
tracted spectra of both components are identical within the er- 
rors except for the [Ne n] line. The 11.2 /mi PAH flux has been 
previously m e asure d towards the central 579 of He 2-10 by 
Phill ips et all dl984 . They quote a PAH band flux which is 
in reasonably agreement with the combined flux we obtain for 
components A and C. 



lll99ll) and iBeck et alJ lll997l) . A comparison between the 
fluxes obtained by these authors and ours is shown in T ableBl 
The [Arm] and [S iv] line fluxes obtained bv lBeck et alj fl997) 
towards He 2-10 A agree well with our upper limits. Their 
[Ne n] line fluxes are, however, larger than the value we get. 
Still, slit losses might be affecting the [Ne n] line flux we mea- 
sure. In Sect. 13.3.21 we estimate that our slit might only be reg- 
istering about 60-75% of the total flux emitted by component 
A. Considering this loss, the total [Nen] line flux would be 
about (16 - 20) X 10" 20 W cm" 2 , a va lue that perfectly agrees 
with the fluxes obtained bv lBeck e t al. using larg er slit wi dths. 
The co mp arison with the [Ne n l flux obtained bv lPhilhps et alJ 
J1984 and lRoche etalJ (1991) is more complicated since they 
do not specify the central position of their apertures. However, 
it seems natural to assume that their apertures are centred on the 
brightest component A. Their [Ne n] fluxes would then agree 



3.3.5. Extinction 

The central region of He 2-10 is a complex one and hence 
is not surprising that extinctions measured at different wave- 
leng ths do not agree well with one another. For instance, 
IVacca & Contil d 19921) measure A v ~ 1.7 from optical spec- 
troscopy. Cab anac et alJ d2005l) derive A v = 1.25 from the 
H^/Bry ratio and A v = 10.5 from the Bry/BrlO ratio. F rom 
the Bra/Bry fine ratio observed bv iKawara et al ] ill 9891) one 
finds as well an extinction of A v ~ 10 mag which ag rees well 
with the 15 + 5 mag obtained bv lPhilhps et all (fl984) from the 
depth of the silicate absorption. On the other hand, the beam- 
averaged CO column density towards the large optical starburst 
A implies an extinction of ~ 30 mag. 

As mentioned in previous sections, the extrapolation of the 
extinction in the optical and near-IR to the MIR regime is not 
direct. Moreover, as in the case of NGC 3256 (cf. Sect. 13. 1 .51 . 



12 



N. L. Martin-Hernandez et al.: Mid-IR spectroscopy of starburst galaxies 



the presence of PAH bands hampers the fitting of the dust con- 
tinuum. Therefore, as it has been done previously, we will 
simply give rough estimates of the extinction in the MIR by 
using the "astronomical silicate" with Ay/A^i = 18.5 (see 
Sect. 13 . 1 .51 and considering Ay = 10. Using this, we have 
An.& = 0.33A s ii = 0.2 mag. When applying this extinction 
value to the [Ne n] line fluxes measured for components A and 
C, we obtain, respectively, ~ 14xl0~ 20 and~ 8xl0" 20 W cm" 2 . 

3.3.6. Ionic abundances 

As it has been previously done in Sect. 13.1.61 we can estimate 
the ionic abundance of Ne + with respect to H + . 

Measurements of the Bry line flux have only been obtained 
at low spatial resolu tions ? with apertures of , e.g. 7'.' 1x3'.' 5 
|Kawara et all 1 19891) 5" iDovon et all 1 19921) or 2'.'4xl5'.'6 
( Vanzi & Riekel ll997l) . Nevertheless, we can give estimates of 
the Bry emission of knots A and C from the associated radio 
emission. 

Ijohnson & Kobulnickvl J2003I) have recently provided 
0.7 cm flux densities. Measurements at this frequency are likely 
to contain an insignificant non-thermal contribution and are 
usually optically thin. They measure flux densities of 2.91 mJy 
for component A (equivalent to radio source #4) and 1.87 mJy 
for component C (which results by adding the contributions 
of radio sources #1 and #2). Adopting an electron temp era- 
ture of 10000 K Jjohanssori Il987l IVacca & Contii 1 19921) and 
the electron densities listed in Tabled we estimate Bry fluxes 
of 0.41 x 10" 20 and 0.26 x 10" 20 W cm" 2 for components A 
and C (we will consider a standard 20% uncertainty for these 
line fluxes). These values can be compared with the previously 
mentioned Bry observations. These authors find Bry fluxes in 
between 4.4 x 10" 21 and 6.5 x 10~ 21 W cm' 2 which, adopting 
A v = 10 (A K = l.l. lRieke & Lebofskvl 19851) give unreddeded 
fluxes of (1.2 - 1.8) x 10" 20 W cm -2 , about 2-3 times larger 
than the combined value we obtain for the MIR components A 
and C using the associated radio free-free emission. 

The emission coefficient of the Bry line for T e — 10 4 K is 
fiBry = 5.98 x 10" 27 erg cm" 3 s _1 . In the case of component A, 
with T e = 10 4 K and n e = 4290 cm" 3 , the emission coefficient of 
the [Nen] line is e[Neii] 12.8 = 8.38 xlO" 22 erg cm" 3 s" 1 , while in 
the case of component C, with T e = 10 4 K and n e = 2240 cm" 3 , 
f[Neii]i2.8 = 8.42 x 10" 22 erg cm" 3 s" 1 . Following Eq. ^ we 
obtain Ne + /H + (A)> [1.5(1.8) + 0.4] x 10" 4 and Ne + /H + (B)> 
[ 1 .6( 1 .9)+0.4] x 1 0" 4 , where the values in bracktets are obtained 
by correcting the [Nen] fluxes from extinction (Sect. l3~3~5Y 
These abundances give a lower limit to the elemental abun- 
dance of Ne of (1 - 2)[Ne/H]©. 

Measurements of the oxygen abundance towards the opti- 
cal starburst A where these bright infrared knots are located 
(see Sect. 13.3. li based on long-slit optical spectra give values 
between ~ 0.5 and ~ 0.8 times th e solar oxygen abundance 
Jjohanssorl Il987t IVacca & Contl 1 19921: iKobulnickv etail 
199 51). These value s have been recomputed using the P-method 
of IPilvug inl 11200 II) for high metallicity regions and con sider- 
ing 12 + log[0/H] = 8.69 jAllende Prieto et all 1200 ll) . Our 
lower limits for the Ne/H abundance and the value estimated 



bv lBecketall fcoOl) from similar MIR and radio observations 
(around twice solar) tend to indicate an abundance ratio of so- 
lar or higher. Taken at face value, this might be the effect of a 
metal enrichment in the infrared knots or of an enhancement 
of neon. More likely, this apparent discrepancy is due to an 
underestimate of the true solar Ne abundance, as recently sug- 
gested from helioseismological and stellar studies. Indeed, our 
estimated Ne/H abundance is subsolar and hence reconciled 
with a subsolar O/H value if we adopt the latest upward revi- 
sions oftiie_solarNe abundance suggested from helioseismol- 
ogy jAntia & Basul 120051 iBahcall et all 120051) and from so- 
lar type stars JDrake & Testal 120051) . Moreover, we might be 
underestimating the Bry line fluxes associated with the MIR 
components as suggested by the comparison with direct mea- 
surements of Bry. 

4. Discussion 

4.1. Importance of high spatial resolution observations 

Figure shows a comparison between the fluxes measured by 
TIMMI2 and ISO for NGC 3256, II Zw40 and NGC 5253 C2. 
In the case of NGC 3256 (cf. Sect. l3~T3l only 30% of the 
[Arm] and [Nen] fluxes comes from the two galactic nuclei. 
In the case of NGC 5253 C2, only 20% of the [Nen] flux 
measured by ISO comes from this super-star cluster, while 
the percentages are larger for the [S iv] (~ 50%) and [Arm] 
(~ 80%). In our previous work, where we presented the 
TIM MI2 spectrum of the IR brigh t nebula C2 in NGC5253 
(cf. iMartfn-Hernandez et all l2005l) . we showed the implica- 
tions that this has for the interpretation of line fluxes in terms 
of the properties (age, IMF, etc.) of the ionising cluster. Only in 
the case of II Zw 40, there seems to be a good correspondence 
between ISO and our high spatial resolution observations, sug- 
gesting that practically most (if not all) of the MIR fluxes of the 
galaxy is confined to the compact infrared source. 

4.2. A comparison with the infrared supernebula C2 in 
NGC 5253 

In Table|6]we show a summary of the properties (size, electron 
density, Qo, metallicity, presence of PAHs and excitation) of 
the sources described in this work. They are compared with the 
properties of the embedded sup er-star cluster C2 in NGC 5253 
( Martin-Hernandez et all I2005I) . 

Overall the properties compiled in Tableware quite sugges- 
tive of the regions/"nuclei" of NGC 3256 as complex regions, 
possibly hosting several separate star forming regions. Possibly 
this is also the case for the remaining objects, as it seems quite 
improbable that regions as extreme as C2 of NGC 5253 are suf- 
ficiently common. Indeed, there are already indications, mostly 
from radio observations, that II Zw 40 and regions A and B of 
He 2-10 consist over seve ral smaller star forming reg i ons, o r 
super-star complexes (e.g. IBeck et all 120021 Ijohnsoni 12005). 
on spatial scales smaller than the ones achieved here. 

Hence, the two nuclei in NGC 3256 are characterised by 
their large sizes and values of £>o, which indicate that they may 
probably be ionised by multiple clusters having 6 x 10 4 and 
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Table 6. Summary of properties of the different infrared regions observed in NGC 3256 II Zw 40, He 2-10 and NGC 5253. 



Property 


NGC 3256 N 


NGC 3256 S 


IIZw40 


He 2-10 A 


He 2-10 C 


NGC 5253 C2 


D (Mpc) a 


37 


37 


9.2 


9.0 


9.0 


3.3 (I3) 


Diameter (pc) b 


316W 


< 179 (6) 


< 22.3 <7) 


5.8 (10) 


8 . 4 (io) 


1.6 (13) 


n c (cirT 3 ) c 


1000 (2) 




> 1700 <8) 


4290< 10 ' 


2240 (10) 


50000 (13) 


Qo (10 52 s-'Y 


60< 3 > 


15< 3 > 


10 (8) 


2.6 (ll) 


L7 CH) 


2(13) 


Z/Z Q 


1.3 <4) 


1.3 (4) 


l/3 <9) 


> 1.2< 12 > 


> 1.2< 12 > 


1/3 (13) 


Ay 


5.6 (14 > 


10.2< 14 > 


10 <15) 


10 (16) 


10 (16) 


17 ± 6 <17) 


PAH bands 


yes 


yes 


no 


yes 


yes 


no< I3 > 


([Siv]/[Nen]) TI MMi2 i: 


< 0.05 


<0.40 


> 6.7 


< 0.10 


< 0.21 


12.9±4.6 (I3) 


([Siv]/[Neii]) Iso f 


0.010 ± 


0.002< 518 > 


12 ± 2 (5) 






5.6 + 0.8 <5) 



11 Distance to the source. b Source diameter. c Electron density. d Ionisi ng photon luminosity. c [S iv]/[Ne n] line ratio observed with TIMMI2. 
f [S iv]/[Ne n] line ratio observed with ISO. 1 ISiebenmorgen et all l2004h has recently ob tained an image at 10.4 fim with a resolved (FWHM) 
diameter of 1','76. 2 Estimated from t he [Sul /t/16717/6731 li ne ratio of 0.96 measured bvlLfpari et alJ 12 000). 3 Estimated from the extinction- 
corrected Bry line flux obtained by Kotilainen et al. jl996t) . see Sect. 13.1. "61 4 From iLfpari et al J feOOOl) assuming 12 + log(0/H) = 8.69 
( Allende Prieto et al., 2001). 5 From Verma et al. (2003). 6 Upper limit given by our spectroscopic observations (cf. Sect. 13. l."^ . 7 From the 
TV-band image bv lBecketal]l2002l) . 8 Estimated from the 2 cm observations by Beck et al. (2002) assuming T c = 12500 K, see Sect. 13.2.51 9 
Average value of different est imates JVacca & ContiLll992trPagel et allll992l:IWalsh & Rovifl993LlMasegosa et allll994LlGuseva et al . 2000: 
[ Perez-Montero & Dfaz[l2003l) . It assumes 12 + log(0/H) = 8.69 lAllende Prieto et alj.l200ll) . 10 From lVacca et alj<2002l) . 11 Estimate given by 
Ijohnson & Kobulnickvl 120031). 12 See S ect. l3~3~6l 13 From lMartm-Hernandez et alJ<2005l) . 14 See Sect. l3~T31 15 Sect. l3~2~4l 16 See Sect. l3~3~5l 
17 From Martin-Hernandez et al. (2005). 18 The ISO aperture includes both N and S nuclei. 

cited by super-sta r clusters which have recently formed (e.g. 
IVacca et alll2002l) . 

The spectrum of C2 is characterised by a strong [S iv] line 
and does not show PAHs. On the contrary, the spectra of the 
MIR components A and C in He 2-10 show a strong [Ne n] line 
and have PAHs. The difference between their spectra could be 
due to the different hardness of the radiation field, as traced 
by the [S iv]/[Ne n] line ratio and which is directly influenced 
by the metallicity, among other factors. While the IR sources in 
He 2-10 might have a solar (or supersolar) metallicity and have 
a low [Siv]/[Nen] line ratio, the opposite is true for C2. Even 
more, it is quite likely that cluster C2 in NGC 5253 is quite 
different from regions A or C in He 2-10 in the sense that it 
may be much more embedd ed: it seems that this clu ster has no 
optical counterpart (e.g. Alo nso-Herrero et alll2004l) . Hence, it 
is not surprising that their IR spectrum is different. 

In terms of metal content and excitation, C2 is more similar 
to the compact IR nebula in II Zw 40. However, the nebula in 
II Zw 40 is not so deeply embedded (visual extinction is of the 
order of 2-3 mag, although some authors give values as large 
as 10 mag; see Sect. 13.2.41 and is much less compact than C2. 

4.3. PAH emission 

4.3.1 . The ground-based MIR/FIR diagnostic diagram 
for star forming regions 

II i I 
Peeters et al. (2004b) have examined the use of PAH bands as 

tracers of star formation. In order to distinguish the different na- 
tures of the galaxies, i.e. AGN-dominated, starburst-dominated 
or heavily obscured, these authors present a new MIR/F IR di- 
agnost i c, along the lines of p revi ous works by e.g. | Genzel et alJ 
dl998l) . lLaurent et alJ ll2000l) and lClavel etail l l2000l) . based on 
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Fig. 7. Comparison between the line fluxes measured by 
TIMMI2 and ISO. Symbols correspond to [Nen] 12.8 yum 
(square), [Arm] 9.0 fim (circle) and [Siv] 10.5 yum (triangle). 
The lines are ordered by increasing ionisation potential: 21.6, 
27.6 and 34.8 eV respectively. In the case of NGC 3256, we 
have added the contributions of the N and S nuclei to the 
TIMMI2 flux since the ISO aperture includes both sources. The 
dashed line represents the one-to-one relation. 



1.5 x 10 4 07 equivalent stars, respectively. Their MIR spectra 
show PAHs and their excitation (measured by the [S iv]/[Ne n] 
line ratio) is relatively low. 

More interesting is the comparison between the com- 
pact objects in IIZw40 and He 2-10 with the embedded su- 
pernebula C2 in NGC 5253. The optically thick thermal ra- 
dio emission and compactness of these sources have lead to 
assume them to be "scaled-up" ultracompact H n regions ex- 
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the ratio of the 6.2 /jm PAH emission band to FIR flux and 
the ratio of the 6.2 fim continuum to FIR flux. These two ra- 
tios isolate the strongly obscured galaxies while the 6.2 PAH- 
to-continuum ratio provides a very clear handle on any AGN 
contribution to the MIR. The comparison with Galactic objects 
reveals that most of the Ultra-Luminous IR Galaxies (ULIRGs) 
are found co-located with compact H n regions in contrast to 
normal and starburst galaxies, which are mainly co-located 
with exposed PDRs. 

A problem with this and other diagrams is that they are not 
accessible to ground-based observations. We have no access 
to the 6.2 or 7 '.7 fim PAH bands through the atmospheric MIR 
window (~ 8-13 fim) and th e same difficult y aris es in the cases 
of the diagnostics by iGenzel et alJ dl998f) and lLaurent et alJ 
(2000), which are also based on lines such as [O iv] at 25.9 fim 
or the ratio of warm (14-15 fim) to hot (5.1-6.8 fim) dust con- 
tinuum. Therefore, we have adapted the M IR/FIR diagnostic 
diagram presented in P eeters et alJ d2004bl) in order to include 
the 11.2 fim PAH band and the 11.2 fim continuum instead and 
test whether similar conclusions are reached compared to pre- 
vious works based upon the 6.2 or 7.7 fim PAH bands. 

The use of the 1 1 .2 fim PAH band has however clear con- 
sequences on the interpretation. The PAH emission band and 
the dust continuum at this wavelength are likely to trace dif- 
ferent carriers due to a difference in temperatures, size, heating 
mechanism and charge state in case of the PAHs. To first order, 
the fraction of total PAH flux emitted in the 11.2 fim PAH band 
varies only from 9 to 27% with an average of 18+5% and that 
emitted in the 6.2 fim PAH band varies only from 14 to 38% 
with an average of 28+4% dPeeters et all l2002a|). Given the 
order o f variation observed in the 6.2 cont/FIR dPeeters et all 
l2004bl) and 1 1 .2 cont/FIR (see Fig.|8|i, both ratios are represen- 
tative of the PAH/FIR ratio. However, this clearly does not hold 
for the dust continuum emission. 

The 11.2 MIR/FIR diagnostic diagram is shown in Fig. [8] 
Note that the FIR fluxes of the extra-galactic sources have been 
calculated from the IRAS fluxes and except for NGC 3256 N 
and S, no correction has been made to account for the aperture 
difference. As a consequence, the FIR fluxes presented here 
are likely overestimated and the use of an "aperture corrected" 
FIR flux will move the sources in the opposite direction to that 
indicated by the FIR arrow shown on the plot. However, since 
most of the observed extra-galactic nuclei and star clusters are 
probably the dominating source of the FIR flux, this correction 
is expected to have little influence on the results we discuss 
here. 

The sample of Galactic sources shows a general correlation 
of the strength of the 11.2 PAH/FIR with the 11.2 cont/FIR. 
This is very similar to that seen for the MIR/FIR diagram 
based u pon the 6.2 fim band, as discussed by IPeeters et all 
(2004b). This general correlation reveals that the 11.2PAH-to- 
continuum ratio is relatively constant in the full sample while 
the 1 1.2PAH/FIR ratio changes by almost three orders of mag- 
nitude. Typically, the 1 1.2 PAH-to-continuum ratio is very low 
for deeply embedded ultra-compact Hn regions (like e.g. W3, 
K3-50A) and increases when the characteristics of the region 
changes to that of an exposed PDR such as Orion and M17. 



As shown by Fig. EI the galaxies observed with ISOPHOT 
by ISiebenmorgen et all d2004l) . represented by filled circles, 
are located close to the exposed PD Rs such as O r ion and 
M17. A similar result was found by IPeeters et all (12004b) 
for ISOPHOT observations of normal and starburst galaxies 
in the 6.2 MIR/FIR diagram. In contrast, galaxies observed 
with TIMMI2 (filled triangles) are found to have a lower 
11.2 PAH/FIR ratio and thus to be located nearer to the Galactic 
H n regions. For the 6.2 M IR/FIR diagram, this is also observed 
for the ULIRGs dPeeters et al .. 2004b). This difference between 
the ISOPHOT and TIMMI observations is certainly due to the 
aperture difference between the ISOPHOT, TIMMI2 and IRAS 
data (the latter for the FIR determination). The much larger 
ISOPHOT aperture (~ 20") likely includes much of the sur- 
rounding PDRs while the TIMMI2 slit measures mainly the 
central emission of the H n region or nucleus although it does 
cross the ionisation front and the PDR where the PAH emis- 



sion originates from (e.g. 


Sellgrenetal., 1990t iTielensl 1993; 


Tielens et all 


1993; Verstraete et al., 


19961). This is similar to 


the results obtained by Siebenmorgen et al. (2004) that com- 



pare the ISOPHOT data and TIMMI2 spectra of galaxies. In the 
6.2 MIR/FIR diagram, the ISOPHOT observations of normal 
galaxies and starburst galaxies are also found close to the loca- 
tion of exposed PDRs and are not co-located with the Galactic 
Hn regions dPeeters et alll200 4b). This suggests that the PAH 
emission is probably diffuse and extended and thus difficult 
to detect by TIMMI2. Consequently, the PAH emission rather 
seems to trace exposed PDRs and the ISM of galaxies (as seen 
by ISOPHOT) than the dense star forming regions (as seen by 
TIMMI2). 



A large number of our sources show no evidence of PAH 
emission. In that regard, note that the extra-galactic sources 
where PAHs are detected are situated between the two dotted 
lines in Fig. [8] while those without PAH detections are found 
above the top dotted line, indicating that in these objects the 
11.2 PAH-to-continuum ratio is lower. This is not influenced by 
an overestimate of the FIR flux since a lower FIR flux would 
move the sources in the opposite direction of the FIR arrow, 
parallel to the dotted lines; neither it is influenced by the fact 
that we are dealing with upper limits. In fact, if the upper limit 
becomes more stringent, the source will move horizontally to- 
wards the left, giving an even lower 11.2 PAH-to-continuum ra- 
tio. Together with these extra-galactic sources, some Galactic 
H n regions also fall above these dotted lines, all of which are 
ultra-compact Hn regions which have very strong radiation 
fields and MIR dust continuum. 



Concluding, we have constructed a new MIR/FIR diagnos- 
tic diagram based on the 11.2/mi PAH band and the 11.2 fim 
continuumm and proven that the same conclusions are reached 
when compared to previous works based upon the 6.2 or 7.7 
fim PAH bands. This is useful since the 11.2 fim PAH band is 
easily accessible from ground-based observations. 
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Fig. 8. Ground-based MIR/FIR diagnostic diagram for star forming regions. Galactic Hn regions are presented by open cir- 
cles, Orion by right triangles, the extended Hn region M17 by open triangles, reflection nebulae (RNe) by open diamonds, 
30Doradus by an open sq uare, TIMMI2 observations of extra-galactic nuclei and star clusters b y filled triangles (this wor k and 
ISiebenmorgen et aill2004l) and ISOPHOT observations of extra-galactic nuclei by filled circles ( Siebe nmorgen et all I2004I) . The 
dotted lines correspond to a 11.2 PAH/continuum ratio of 0.22 and 1 .66 from top to bottom. The effect of an overestimate of the 
far-IR (FIR) flux by a factor of 2 is indicated by an arrow parallel to the dotted lines. The second arrow indicates the shift in 
position from the pointing inside the Hn r egion toward s that of the molecular cloud in the extended star forming region M17. 
This diagram is being adapted from that of lPeeters et alJ (|2004b) using the 1 1 .2 /mi PAH instead of the 6.2 //m PAH. 



4.3.2. The [S iv]/[Ne n] line ratio and the survival of 
PAHs 

We analyse now the effect of the hardness of the radiation field, 
i.e. the survival of PAHs in environments with energetic pho- 
tons. We have a measure of the hardness of the radiation field 
through the [S iv]/[Ne n] line ratio. Assuming that all sources 
have the same S/Ne abundance ratio, variations in [S iv]/[Ne n] 
probe the hardness of the radiation field at energies above 
~ 22 eV. Fig. |3 compares [Siv]/[Nen] with the 11.2PAH- 
to-continuum ratio for the object s analysed in this work (cf . 
Table |6j and those observed by Siebenmorg en et aD |2004) 
using also TIMMI2. This figure clearly shows that sources 
with PAHs have a [Siv]/[Nen] ratio < 0.35, while sources 
which do not show PAHs predominantly have [S iv]/[Ne n] ra- 
tios above 0.35. Exceptions to this behaviour are Centaurus A 
and M83, which do not show PAHs but still have a [S iv]/[Ne n] 
ratio lower than 0.35. Centaurus A is the closest example of 
an AGN. While the spectrum of this galaxy obtained through 
larg e (> 20") apertu r es is P AH dominated, the 3" spectrum by 
Siebenmorge n et aD J2004ll is featureless except for the pres- 
ence of a strong [Ne n] line and is very similar to the nucleus 
ofM83. 

Starburst galaxies are very similar to Galactic Hn re- 
gions, thus we have checked this relationship between the 
hardness of the radiation field and the presence of PAHs us- 



ing a large samp le of Galacti c Hn regions observed with 
ISO/SWS dPeeters et all l2002bl) . While all the Hn regions in 
the catalogue show the presence of PAHs, only 4 of them 
have a [Siv]/[Nen] ratio > 0.35: W3A, IRAS 12063-6259, 
IRAS 12073-6233 and IRAS 11143-6134. Their ISO/SWS 
spectra clearly show PAH emission bands. However, we have 
recently obtained TIMMI2 slit spectra for 2 of these sources, 
IRAS 12063-6259 and IRAS 12073-6233. For neither of them 
we have detected PAH emission bands in their long-slit spec- 
tra (Martin-Hernandez et al., in preparation), even though the 
TIMMI2 slit did cross the ionisation front and hence the PDR 
where the PAH emission originates from. As mentioned above, 
this suggests that the PAH emission is probably diffuse and 
extended and hence not dominated by the denser regions but 
rather by the exposed PDR and ISM. This diffuse emission 
might be difficult to detect by TIMMI2 due to its narrow slit. 

The apparent relation between the hardness of the radiation 
field and the int ensity of the PAH em ission is consistent with 
recent results by|Maddenetal. (2005). These authors found a 
strong correlation between the [Ne m]/[Ne n] ratio, tracing the 
hardness of the radiation field, and the PAH/dust intensity ratio 
for a wide range of objects, including low-metallicity galaxies 
as well as Galactic Hn regions and other metal rich galaxies. 
They characterise the dust emission as the fitted, feature-free 
continuum of their MIR spectra between 10 and 16 /mi. These 
authors conclude that this hard radiation field must play an im- 
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Fig. 9. Comparison of the [S iv] 10.5 jt/m/[Ne n] 12.8 fim line ra- 
tio with the 11.2yumPAH/continuum ratio for extra-galactic 
nuclei and embedded super-star clusters. We combine the 
sources in Table E>| with the galactic nuclei observed by 
ISiebenmorgen et alJ d2004l) using also TIMMI2. Sources plot- 
ted as circles show PAH bands in their MIR spectra and 
are concentrated predominantly below [Srv]/[Nen]~ 0.35. 
Sources plotted as diamonds do not show PAHs and have 
mostly line ratios above this limit of 0.35. Nuclei/star clusters 
in starburst galaxies are marked by a square. The other sources 
are nuclei in Seyfert galaxies. 



portant role in the destruction of PAHs in low metallicity re- 
gions. 

The lack and/or weakness of the PAH emission bands 
in galaxies or Hn regions with a hard radiation field (i.e. 
[S iv]/[Ne n] > 0.35) may be due to a low PAH abundance as a 
consequence of e.g. (i) PAH dehydrogenation, i.e. the CH bond 
rupture due to the absorption of a UV photon (since we are us- 
ing the 11.2 yum PAH emission band as a tracer for the presence 
of PAHs); (ii) PAH destruction; (iii) the relative contribution 
of the different phases in the ISM or (iv) PAH-dust competi- 
tion, i.e. PAHs are not being excited due to the presence of dust 
located inside the Hn regions. In principle, a low PAH abun- 
dance could also originate from a low PAH formation rate due 
to a dust formation process that is different to that occuring in 
our Galaxy as e.g. may be the case in low metallicity galax- 
ies. However, we deem this possibility unlikely to explain the 
general relation we find between hardness of the radiation field 
and low PAH fluxes since our sample also includes Galactic 
H ii regions without PAH detections. 

Here we discuss the four possibilities mentioned above: 

(i) PAH dehydrogenation: We have traced the presence or 
non-presence of PAHs in this work through the detection of 
the 11. 2 /mi PAH band. To first order, the PAH/FIR can be 
traced by the 11.2 PAH/FIR since ( 1 ) dehydrogenation of PAHs 
(which would effect the strength of this CH mode) does not 



seem to be important (see below) and (2) the fraction of total 
PAH flux emitted in the 11.2 fim PAH band varies only from 
9 to 27 % with an average of 18+5% dPeeters et all l2002a). 
Indeed, space-based observations suggest that in regions with 
low or no PAH emission (as is the case of e.g. IIZw40) the 
strength of all PAH emission bands decreases simul taneously 
and not only that of the 11.2 jum PAH band (e.g. Madden, 
l2000t Laurent et all l2000t iMadden et all 120051) . In addition, 
ISO/SWS observations of a large sample of sources as well 
as theoretical calculations show that dehydrogenation of PAHs 
should have no effect on the o bserved PAH spectrum (for a 
summary, see lHonv et alll20o"ll) . 



(ii) PAH destruction: In order to investigate PAH destruction 
as a consequence of the hardness of the radiation field as traced 
by ratios such as [S iv]/[Nen], one should keep in mind that 
PAH emission originates inside the PDR and thus is not co- 
located with the high energy photons found within H n regions. 

The strength of the radiation field at the location where the 
PAH emission originates, the PDR, is generally expressed by 
the incident FUV flux between 6 and 13.6 eV measured in 
units of the av erage interstellar radiation field (1.6 10~ 6 W/m 2 , 
Habingl fl968i) . This quantity is called Go. We have estimated 
the value s of Go for the objects in ou r sample and those in the 
study by ISieb enmorge n et all d2004l) . They have been calcu- 
lated using th e dust temperature, T h, derived from ISO/LWS 
observations (Negishi et al., 200 11) and the re lation between 
Go and T d given by iHollenbach et ail dl99lh with A v =0.5 
dNegishi et all l200ll) . In the cases where Td is not known, we 
have used the relation between the gas density, n, and the ratio 
of the IRAS 60 an d 100 um fluxes tog ether with the relation 
between Go and n dNe gishi et all 12001). In any case, the ob- 
tained Go is an average for the entire galaxy due to the large 
LWS and IRAS apertures. Also note that these two methods ig- 
nore metallicity effects and thus the values of Go we obtain are 
less accurate in the case of low metallicity galaxies. 

Log(Go) is found to be in the range of 1.8-3.7 dex with an 
average value of 3.0+0.4 dex. No correlation is found between 
Go and the PAH strength or between Go and the presence or 
non-presence of PAH emission bands in either the TIMMI2 or 
ISO observations. Furthermore, this range i n Go is similar to 
the v alues typically seen in Galactic RNe d Young Owl et all 
2002), whose IR spectra are dominated by PAH emission 
bands. Hence, this suggests that it is unlikely that the low 
11.2 PAH-to-continuum ratio reflects a destruction of PAHs in 
these environments (i.e. PDRs). 

We have to point out again that the Go values we estimate 
correspond to the average Go of the PDRs in the galaxy be- 
cause of the large apertures (LWS, IRAS) we are consider- 
ing and might not be representative of the conditions in the 
small/unresolved sources we are studying here. The above con- 
clusion must be then taken with caution. For low metallicity 
galaxies it is found t hat the PDRs could be restricted to v ery 
small dense clumps ( Madden! feoOOt iGalliano et all 120051) . If 
that is the case, the estimated Go's would then be an average of 
such clumps. 
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(iii) Relative contribution of different regions : Rather than 
invoking a special PAH destruction, the low PAH emis- 
sion could just be a consequence of the relative contribu- 
tion of the different phases of the interstellar medium in the 
beam. For example, a substantial pervasive, diffuse and highly 
ionised medium is fo und throughout low metallicity galaxies 
( Madden et al. , 2005) a nd - as known from Galactic Hn re- 
gions fe.g.lTielens et al 1 fl99^ IVerstraete et allfl99fil) - PAHs 
do not survive inside highly ionised mediums. The presence 
of a diffuse ionised medium implies a smaller contribution 
of the diffuse neutral interstellar medium (PDRs, ISM). This 
neutral medium contributes considerably to the observed PAH 
emission in starburst and normal galaxies (see above and e.g. 
IPeeters et all l2004bl) and hence, such contribution to the PAH 
emission would then be missing in low metallicity galaxies and 
would explain the low PAH abundances in these galaxies. This 
is consistent with what we said earlier regarding the aperture 
effect on the detection of PAHs: PAHs are more prominent in 
large aperture observations because the relative contribution of 
the PDRs and ISM with respect to the highly ionised medium 
of the H ii regions is larger. 

(iv) PAH-dust competition: Another explanation might be 
found in the competition for FUV photons by the dust grains 
and the PAH molecules. Dust grains are able to reside insid e 
the Hn region (see e.g. M17, Fig. 3 of Verstrae te et all ll996). 
When this occurs, the dust located inside the Hn region 
absorbs a large fraction of photons before they reach the 
PDR. In particular, the optical depth of dust in Hn regions, 
r(dust), is proportional to n 1 ^. Hence, at high densities, 
more of the FUV photons are absorbed by dust in the Hn 
region than at low densities. Moreover, a larger fraction of 
the ionising photons is absorbed by the dust rather than the 
ionised gas. As a result, PAHs, which are located outside of 
the H ii regions, are less excited. In addition, the dust inside 
the H ii region attains very high temperatures and consequently 
the PAH-to-continuum ratio is lower. Indeed, Fig. [8] shows 
a relatively large spread in the 11.2 PAH-to-continuum ratio 
with the lowest ratios corresponding to the highly excited 
sources. This is also nicely illustrated by the two different 
ISO pointings towards the extended Hn region M17 plotted 
in Fig.[8] one inside the Hn region and the other towards the 
molecular cloud. Thus, the absence of PAH emission in highly 
excited sources might be due to a lower availability of ex- 
citing photons due to the presence of dust within the H n region. 

Concluding, the cause of this relation between the hardness 
of the radiation field and the presence or non-presence of PAHs 
does not necessarily imply PAH destruction. Since PAHs orig- 
inate inside the PDR and thus are not co-located with the high 
energy photons found within H n regions, this relation might 
well be connected to the presence of dust within the H n region 
leading to a PAH-dust competition for UV photons. We con- 
sider also the scenery where the low PAH emission could just 
be a consequence of the relative contribution of the different 
phases of the interstellar medium, in particular, the presence of 
a pervasive and highly ionised medium. 
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4.4. The stellar content of the IR supernebula in 
IIZw40 

It has been shown in Sect. 13.21 that practically most (if not 
all) of the MIR line fluxes of IIZw40 measured by ISO is 
confined to the compact (O'.'S) source observed by TIMMI2. 
We can use then the large number of MIR lines observed by 
ISO to constrain properties of the ionising cluster following 
the analysis done w ith NGC5253 C2 in our previous work 
dMartfn-Hernandez et alll2005l) . 

Stellar properties can be derived from nebular lines using 
photoionisation models. These photoionisation models depend 
on the SED of the ionising cluster (age and IMF), the local 
abundance and the ionisation parameter, U. In particular, the 
parameter U, which depends on the geometry, is usually diffi- 
cult to constrain. 

We compute sets o f nebular models w ith the photoionisa- 
tion code CLOUDY 2 jFerland et alll 19981) version 96.00 using 
MICE 3 , the IDL interface for CLOUDY created by H. Spoon. 
The computation is performed for a static, spherically symmet- 
ric, ionisation bounded gas distribution with an inner cavity. We 
assume that the gas is uniformly distributed in small clumps of 
constant density over the nebular volume and occupies a frac- 
tion e of the total volume. The input parameters of the pho- 
toionisation models are: the shape of the SED, the ionising pho- 
ton luminosity (Qo), the electron density (n e ), the inner radius 
of the shell of ionised gas (/?;„), the filling factor (e), and the 
chemical composition (Z). 

We have used the e volutionary synthesis code Starburst99 4 
jLeitherer et ail 1 19991) version 4.0 to model the integrated 
properties of the stellar clu ster. We assume an instantaneous 
burst of star formation, a Salpe*te3 i 19551) IMF with expo- 
nent a = 2.35 (dN/dlnm oc m ), a lower mass cutoff 
M] ow = 1 M0 and an upper mass cutoff M up set to 30, 50 and 
100 Mq. We also assume that the stars evolve from the main 
sequence following the Z = 0.008 stellar tracks. Stellar tracks 
with Z = 0.006, the metallicity measured for IIZw40, are not 
available but the effect of decreasing Z will be discussed below. 
We present models every 0.5 Myr for 10 Myr after the burst of 
star formation. 

The chemical composition of the gas is set to Z = 0.006 
(cf. Table We have adjusted the helium abundance Y ac- 
cording to Y = T p + (AT/ AZ)Z, where Y„ = 0.24 is the pri- 
mordial helium abunda nce jAudouzel fl987) and AF/AZ = 3 is 
an observed constant (Pag.el, 1992). To arrive at the appropri- 
ate metal abundances, we have simply scaled the solar values 
stored in the CLOUDY database. 

A change of the rate of Lyman ionising photons, electron 
density, inner radius of the shell and/or filling factor is equiv- 
alent to a change of the ionisation parameter (U) defined by 
CLOUDY as: 

U = Qo/(^Rln e c) . (2) 

2 see http://thunder.pa.uky.edu/cloudy/ 

3 see http://isc.astro.cornell.edu/~spoon/mice.html 

4 see http://www.stsci.edu/science/starburst99/ 
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Fig. 10. Variation of selected emission line ratios as a function of starburst age. The observed line ratios are indicated by an 
horizontal line. The [Arm] 9.0, [S rv] 10.5 and [Nen] 12.8 /im lines have bee n measured with TI MMI2 (cf. Table[3}. The lines 
of [Arm] 7.0, [Nem] 15.5 and [S m] 18.7 //m have been measured with ISO dVerma et all 120031) . Bry is being estimated from 
the 2 cm free-free emission (see Sect. I3.2.5> and we show as an error bar on the left side of each panel the effect of having 
under/overestimating this line flux by a factor of 2. Plots involving ratios with lines measured within the same aperture such as 
[S iv]/[Ne 11] and [S iv]/[Ar in] give the same result as that of [Ne m]/[Ne n] vs age. The light band shows the effect of correcting 
the MIR lines for a visual extinction of 10 mag (cf. Sect l3.2.4V The legend of the figure is the following: solid lines correspond 
to models with M up =100M o , dashed lines to models with M un =50M o and dotted lines to models with M lln =30M o . The nebular 



'up 



up- 



parameters of these models are = 10 s , R[ n = 4.3 pc, ,R 0Ut ~ 11 pc, n e =1700 cm and e = 1, which correspond to 

log U 0.05. The effect of increasing the parameter U and/or decreasing the metallicity of the stellar cluster and/or adopting a 

steeper IMF and/or including internal dust is indicated by arrows. 
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There exists a relationship between Qq, n e , the inner ra- 
dius Rj„, the outer radius j? n nt a nd the filling factor e given by 
IMartm-Hernandez et al1(l2005h : 



(1 



3 go 



(3) 



where R m = xR out and < x < I. Physical solutions of this 
equation are those that satisfy the condition e < 1. 

Considering Qo = 10 53 s _1 , an electron density of ~ 
1700 cirT 3 and an outer radius R out = 11.15 pc (cf. Table. [6j, 
together with the above condition, we obtain that R m < 0.38 x 
R out — 4.3 pc, which gives a value of log U > -0.05 (cf. Eq.0. 
More compact geometries (i.e. with smaller R out and bigger 
densities) will have larger values of the ionisation parameter. 
We will consider then a nebula with the following parameters: 
Q = 10 53 s"\ R in = 4.3 pc, n e = 1700 cm" 3 and e = 1. The 
effect of a larger ionisation factor will be discussed. 

Fig. El| shows the results of the photoionisation models 
as a function of time since the burst of star formation. The 
same conclusions as in the case of the super-star cluster C2 
in NGC5253 can be reached. I.e. we find two possible so- 
lutions for the age and upper mass cutoff of IIZw40: 1) a 
young (;$> 3 — 4 Myr) cluster with a low upper mass cutoff 
M up < 50 M Q ; and 2) a cluster of ~ 4-7 Myr with a standard 
high upper mass cutoff M up ~ 100M o . 

Basically, all line ratio predictions shown in Fig. ^| ex- 
cept [O iv]/Bry, are compatible with this result. In the case of 
[Ar m]/Bry, [S in]/Bry, and [Ne n]/Bry, these line ratios are not 
very sensitive or their uncertainties are too large. 

The [Oiv] line is known to be difficult to repro- 



duce by pure stell a r photoionisation jLutz et al 



ISchaerer & Stasinskal 1 19991 | Martin-Hernandez et al 
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2005: 



but could also be related to no n-stellar processes (c.f. 
ILutz et all Il998t Ivie gas et all [I§99), as indicate d e.g. by re- 
cent IRS/Spitzer observations of NGC5253 bv iBeirao et 
(2006). This underprediction of the [O iv] line flux by the mod- 
els was also encountered in the case of NGC 5253 C2, where it 
was concluded that a modification of the adopted SEDs close to 
and beyond the He n edge (note that the ionisation edge for the 
creation of O iv, 54.9 eV, is the hightest of all the considered 
ions) was necessary in order to reproduce all the MIR lines. 

The increase of the ionisation parameter, whose effect in 
the predictions is indicated by arrows in Fig. [To] will only 
accentuate the differences between the observations and the 
models with M up = 100M o . Consequently, if the nebula had 
a higher parameter U, the upper mass cutoff of the IMF would 
need to be revised downward in comparison with the models 
discussed here. The same holds in the case of using SEDs 
with a lower metallicity or adding internal dust in the neb- 
ula. These and other factors such as varying the power law 
index of the IMF and the density law or considering a mat- 
te r bounded geometry for t he neb ula are discussed in detailed 
in Martin-Hernand ez et alJ lEo05). There it was shown that any 
of these effects can reconcile the models with M up = 100 M Q 
with the observations. An age < 3 - 4 Myr would agree with 
the optically thick thermal bremsstrahlung origin of the radio 
emission associated with the IR knot and the lack of supernova 



signatures (cf. Sect. 13.3. II . However, it would imply an IMF 
with a low upper mass cutoff (M llp < 50 M ). The solution of 
an older cluster of ~ 4 - 7 Myr would imply that it is possible 
to contain such compact regions for a longer time that what it is 
generally though while at the same time, hide the signatures of 
supernovae. The bright compact nebula in II Zw 40 might thus 
be the second object, together with NGC 5253 C2, for which 
indications of a "non-standard" IMF with a low upper mass 
cutoff M up < 50 M e exist. Whether this is a characteristic com- 
mon in compact objects or whether this is due to defects in the 
stellar and/or nebular modelling remains to be clarified. 

Generally fairly young ages are f ound from stell a r pop- 
ulations studies in the optical (e.g . Raima nn et all [2000; 
iKong et alll2003UWestera et all 12004 In particular WR fea- 
tures indicate ages of ~ 3-5 Myr (cf. Schaerer & Stasi nskal 
1999; Gu seva et all 120001) . However, it is not clear if and how 
this population relates to the one responsible for the mid-IR 
line emission. 

A solution that might lead to the lowering of the ionisation 
parameter and thus to the reconciliation of model and obser- 
vations is the presence of multiple clusters within the compact 
core we are considering here. Indeed, the high spatia l resolution 
observations at 2 cm presented by Bec k et aHd200 2) reveal 3 or 
4 peaks within the central radio emission. They argue that these 
knots may simply be peaks of the more extended distribution, 
but also consider the possibility of young H n regions with di- 
ameters of the order of ~ 1 pc. Forster Schrei ber et all d200ll) 
show that regions with multiple H n regions are best modelled 
by a randomised distribution of clouds and clusters described 
by an effective ionisation parameter t/ e ff. The computation of 
U s fi depends, however, on the detailed knowledge of the prop- 
erties and distribution of the ionising st ars and gas clouds. For 
the we ll known starburst galaxy M82. 1 Forster Schreiber et all 
(12001 1) obtain a value of the effective ionisation parameter 
lower than using the conventional definition (cf. Eq. due to 
the important increase in surface area of the gas exposed to 
the Lyman continuum radiation field for the more realistic ran- 
domised distribution. Indeed such a general tendency can be 
expected for multiple independent H n regions producing the 
same Lyman continuum flux as a single region. However, the 
opposite trend may be the case in sufficiently compact environ- 
ments once the multiple H n regions start to overlap, or if they 
provide a non negligible external ionising radiation field (e.g. 
due to some leakage). In this case the outer parts, host of emis- 
sion from low ionisation species, can be eroded or destroyed, 
leading hence to a global shift toward emission of higher ion- 
isation. Which situation applies to II Zw 40 cannot be judged 
from the currently available observations. 

5. Conclusions 

We have presented A^-band spectra (8-13 fim) of some loca- 
tions in three starburst galaxies. In particular, the two galactic 
nuclei of the spiral galaxy NGC 3256 (North and South), the 
compact infrared supernebula in the dwarf galaxy IIZw40 and 
the two brightest infrared knots in the central starburst of the 
WR galaxy He 2-10 (named A and C). These spectra have been 
obtained with TIMMI2 on the ESQ 3.6 m telescope. 
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The spectra show an ample variety in terms of contin- 
uum, lines and molecular band strength. The two nuclei of 
NGC 3256 and the two IR knots in He 2-10 show a rising dust 
continuum, PAH bands and a strong [Nen] line. On the con- 
trary, the infrared knot in II Zw 40 is characterised by a rather 
flat continuum, a strong [S iv] line and do not show the pres- 
ence of PAH bands. 

We demonstrated the great value of these type of data at 
constraining properties such as the extinction in the MIR and 
metallicity. Results to highlight at this respect are the follow- 
ing. (1) There is an indication of supersolar metallicity for the 
two nuclei of NGC 3256, while a possible enhancement of neon 
with respect to oxygen is found in the two IR knots observed 
in He 2-10. However, if the latest upward revision of the solar 
Ne abundance by ~0.4-0.5 dex suggested from helioseismol- 
ogy and from solar type stars is confirmed, our Ne abundance 
estimates could well be compatible with solar or even (slightly) 
sub-solar. (2) Around 60% of the sulphur in the bright IR knot 
in II Zw 40 could be in the form of S 4+ , indicating the presence 
of photons in excess of 47 e V. We note however that these abun- 
dance estimates largely depend on the assumed flux for the Bry 
line. Hence, they must be taken with certain caution since the 
MIR and Bry line fluxes are not measured on the same aperture. 

We have shown the importance of high-spatial observations 
of extra-galactic sources when compared to observations ob- 
tained with larger apertures such as ISO. Only such observa- 
tions provide accurate measurements of the line and molecular 
band fluxes emitted by the cluster or galactic nuc leus. 

We adapted the MIR/FIR diagnostics of IPeeters et alJ 
(2004b) in order to use the 11.2yL/m PAH band, accessible to 
ground-based observations, instead of the 6.2 one and com- 
pared our observations and those of Siebenmor gen et al] (l2004) 
with Galactic Hn Regions. We find that the extra-galactic nu- 
clei and star clusters observed at high spatial resolution (as is 
the case of the TIMMI2 observations) are closer in this diagram 
to compact H n regions, while galaxies observed by large aper- 
tures such as ISO are nearer to exposed PDRs such as Orion. 
This is certainly due to the aperture difference, where the much 
larger ISO aperture likely includes much of the surrounding 
PDRs while the TIMMI2 slit measures mainly the central emis- 
sion of the H n region. 

We have also found a dependence between the PAH pres- 
ence or non-presence and the hardness of the radiation field, as 
measured by the [S iv]/[Ne n] ratio: sources with PAH emission 
have a [Siv]/[Nen] ratio < 0.35, while sources which do not 
show PAHs have line ratios above 0.35. We investigated possi- 
ble origins for this relation and conclude that it does not nec- 
essarily imply PAH destruction, but could also be explained by 
the PAH-dust competition for FUV photons. Dust grains proba- 
bly absorb a large fraction of the UV photons before they reach 
the PDR where the PAHs reside, what likely cause a lower 
excitation of the PAHs. We have also considered the scenario 
where the low PAH emission could just be a consequence of the 
relative contribution of the different phases of the interstellar 
medium, in particular, the presence of a pervasive and highly 
ionised medium. 

Finally, these data proved useful at constraining properties 
(age, IMF, etc.) of the stellar content. Following the analysis 



previously done with th e IR s upernebulae C2 in NGC 5253 
( Ma rtin-Hernandez et all Eo05l) . we have constrained the stel- 
lar content of the IR compact knot in II Zw 40 using the MIR 
fine-structure lines and strong restrictions on the nebular geom- 
etry. The same conclusions as in the case of the super-star clus- 
ter C2 can be reached. I.e. we find two possible solutions for the 
age and upper mass cutoff of II Zw 40: 1 ) a young (^3-4 Myr) 
cluster with a low upper mass cutoff M up < 50 M ; and 2) a 
cluster of 4-7 Myr with a standard high upper mass cutoff 
M up ~ 100 M Q . We show however that the presence of multiple 
clusters within the compact IR core we are considering here, 
suggested by radio high spatial resolution observations, might 
lead to a lowering of the ionisation parameter and thus to a 
reconciliation between the observations and the models with a 
standard upper mass cutoff of 100 M Q . 
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